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(57) Abstract: Described herein in various embodiments are methods for using quantitative and/or comparative lipid metabolite 
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METHODS OF USING QUANTITATIVE LIPID METABOLOME DATA 

CROSS-REFERENCE TO RELATED CASES 

This claims the benefit of U.S. Provisional Applications 60/324,728 (filed September 24, 
2001) and 60/352,129 (filed January 25, 2002), both of which are incorporated herein by reference in 
their entirety. 



FIELD OF THE DISCLOSURE 

This disclosure relates to the collection of quantitative and compositional data on lipid 
1 0 metabolites, their analysis and linkage of individual metabolites or sets of metabolites or ratios of 
metabolites to conditions, diseases, and treatments, relating to or influencing weight change, 
particularly weight gain. 

BACKGROUND OF THE DISCLOSURE 
1 5 Genomics has fundamentally transformed biological research and is providing astonishing 

insight into the molecular basis for disease. By determining the genetic sequence of each individual, 
it will soon be possible to understand the basis for many human diseases at the level of DNA, the 
blueprint of biology. Genomics can therefore transform medicine from a science based on patient 
categories into one in which each individual is assessed based on their genetic composition. 

Although the potential for genomics to eliminate human disease was anticipated, it is now 
understood that genomics has many limitations. With few exceptions, diseases are not the simple . 
consequences of genes. Instead, disease ataiost invariably results from a complex interplay between 
genes, the environment, and nutrition. Exempting a few overtly genetic diseases, genes can at best 
predict only the potential for a specific disease outcome. Further, the usefutaess of genomic 
25 strategies in treating disease is limited. 

The bioinformatic analysis of proteins, or the proteome, is widely considered the key 
conelate to the genome for moving bioinformatic knowledge into clinical and commercial practice. 
Knowing that proteins can7 out the actions of biology, the medical and biotechnology industries are 
relying on the commercial value of the proteome. The vision is to develop diagnostic tests that detect 
30 and measure thousands of proteins in human samples' simultaneously, providing information on the 
presence or risk for specific disease defects. Proteomics will undeniably advance individual health 
care. However, at present, there are no rapid, quantitative technologies for assembling information 
about the proteome, much less technologies for bringing tlie power of proteomics to the individual or 
even to a doctor's office. 

35 Further complicating the matter, it is estimated that there are possibly 20.times more actual 

proteins than genes, for instance due to alternative splicing of messages and post-translational protein 
modifications, and that each regulatory protein could have many potential forms of activation. 
Gaining a true and comprehensive understandmg of protein composition as it relates to health is still a 
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long way from being technically feasible. Once these technologies are reliable and cost effective, 
they still must be able to demonstrate that the presence or concentration of a protein actually causes a 
change m the concentration of metabolites or indicates the presence (or absence) of a phenotype. 

What is needed is a system for identifying haUmark profiles of metabolism that are capable 
5 of integrating and interpreting the influence of genes, nutrition, environment, pharmaceuticals, and 
toxins on phenotype. Despite optimism from biotechnology that genes and proteins will provide this 
capability, the truth is that genes, gene expression, and protein concentrations provide data only on 
the potential for a metabolic or phenotypic effect. Ultimately, it is the concentrations of the 
metabolites themselves that define phenotype and that exactly reflect the complete metabolic actions 

10 of a cell or organism. Until now, no system existed for generating and analyzing such information. 

Obesity is a major public health problem affecting nearly a quarter of the adults in the 
United States, or over 39.8 milHon people in the U.S. alone; over half of the adult population is 
overweight (NIDDK statistics available from the National Institutes of Health, 2000). According to 
the Wealth Health Organization, the number of obese people worldwide has increased from 200 

15 million in 1995 to 300 million in 2000, including 1 15 million in developing countries. Overweight 
and obesity are related to more than $99.2 billion per year in related health care costs in the United 
States alone (direct and mdirect costs. Wolf & Colditz, Obes Res. 6:97-106, 1998). There are few 
existing therapies capable of modulating weight gain in a safe and efficacious manner. Developing 
safe therapeutic interventions to prevent obesity will provide a substantial benefit to society. 

20 However, weight gain or loss is usually a slow phenotype to develop in response to intervention, and 
metabolic profiles capable of predicting weight gain in response to interventions, such as therapeutic, 
nutritional, environmental and genetic mtervention, will be highly usefiil for assessing the effects of 
these interventions and m developing new forms of intervention. 

25 SUMMARY OF THE DISCLOSURE 

The current disclosure details methods for screening metabolomic data to identify and 
interpret individual metabolomic profiles as indicative of metabolic status, including particularly 
weight gain or loss, obesity, and de novo fatty acid synthesis. In various embodiments, this 
assessment can be used as a means, among other things, to carry out the following: 
30 (1) diagnose disease or health; 

(2) assess the metabolic response to a treatment, disease, or condition; 

(3) identify the underlying metabolic cause(s) of a phenotype; 

(4) predict phenotype based on metabolic profile; 

(5) deduce genes, hormones, or other biological factors responsible for producing a 
35 metabolic profile; 

(6) deduce metabolic targets of dietary components, toxins, pharmaceuticals, environmental 
or other conditions on the basis of a changed metabolomic profile; and 
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(7) assess the relative activity of one or more metabolic enzymes between an individual or 
group of individuals and another individual or group of individuals. 

This disclosure deals specifically with using a quantitative assessment of lipid metabolites, 
including using quantitative assessments for the purposes listed above. In particular embodiments, 
5 provided herein are methods of using quantitative lipid metabolomic data (expressed in absolute or 
relative terms, or in terms of specific ratios between metabolites) to analyze, detect, and predict de 
novo fatty acid synthesis. This is enabled by the identification of lipid metabolites that serve as de 
novo fatty acid synthesis markers. These markers include palmitic acid (16:0), palmitoleic acid 
(16:ln7), oleic acid (18:ln9), vaccenic acid (18:ln7) and combinations of two or more of these 

10 compounds. In particular embodiments, palmitoleic acid is used alone or in combination with other 
metabolites to provide information about de novo fatty acid synthesis in a system or subject. Specific 
ratios that are correlated with de novo fatty acid synthesis include ratios between palmitoleic and 
palmitic acids (16:ln7 to 16:0), between stearic and palmitic acids (18:0 to 16:0), between oleic 
(18:ln9) and stearic (18:0), between total n7 desaturated fatty acids and total saturated fatty acids, 

15 and between total n7 desaturated fatty acids and total n9 desaturated fatty acids in any particular lipid 
class. 

Also provided in various described embodiments are methods of assessing de novo fatty acid 
synthesis in an organism or a tissue (e.g,, adipose, liver or muscle tissue) of the organism; methods to 
determine if a pharmaceutical, nutritional, genetic, toxicological or envu-onmental treatment, regimen 

20 or dosage influences de novo fatty acid synthesis, and/or weight gain or loss; methods to assess a 
therapeutic or pharmaceutical agent for its potential effectiveness, efficacy or side effects relating to 
de novo fatty acid synthesis, and/or weight gain or loss; methods to screen individuals for 
compatibility or incompatibility with a pharmaceutical, nutritional, toxicological or environmental 
treatment; methods to assess the rate or amount of de novo fatty acid synthesis as a component of a 

25 metabolic status of a research animal; methods of assessing a change in the de novo fatty acid 

synthesis in the organism; and methods of determining whether a treatment or other intervention will 
cause weight gain or loss in an organism. Also provided are similar methods relating to specific 
disease conditions, including for instance diabetes, hypo- and hyper-thyroidism, menopause, 
immuno-tolerance, auto-immunity, chronic inflammation, hormonal dysregulation, and/or 

30 cardiovascular disease. 

Further provided methods are in silico diagnostic methods, including methods for 
determining an effect related to de novo fatty acid synthesis; methods of assessing weight gain or 
growth or the potential for weight gain or growth; methods of determining whether a treatment will 
cause growth or wasting; methods of determining whether or to what extent a condition influences de 

35 novo fatty acid synthesis; and methods of determining drug or treatment effectiveness or side effects. 
In any of the provided methods, a comparison of or analysis of data can involve a statistical 
or computer-mediated analysis. Also, any of the provided methods can optionally further involve 
generating a printed report. 
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The foregoing and other features and advantages will become more apparent from the 
following detailed description of several embodiments, which proceeds with reference to the 
accompanying figures. 

5 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 provides a schematic overview of de novo fatty acid anabolism in animals. The 
fatty acids depicted here are those that can be synthesized de novo from acetyl-CoA via the activities 
of fatty acid synthase, along with various desaturases and elongases. Lines represent enzyme actions 
including fatty acid synthase (FAS), elongation (elongase), and delta-9 (A9), delta-5 (A5) and delta-6 
10 (A6) desaturases. 

Figure 2 is a pair of bar graphs showing the body (FIG 2a) and adipose (FIG 2b) weights of 
mice treated with rosiglitazone (hatched bars), and corresponding controls (solid bars). 

Figure 3 is a pair of bar graphs showing the body (FIG 3a) and adipose (FIG 3b) weights of 
mice treated with CL3 16,243 (hatched bars), and corresponding controls(solid bars). 

15 

DETAILED DESCRIPTION 

I. Abbreviations 

CE: cholesterol ester 

CL: cardiolipin 

20 DAG: diacylglycerides 

FAME: fatty acid methyl ester 

FFA: free fatty acid 

LMP: lipid metabolite profile 

LY: lyso-phosphatidylcholine 

25 MAG: monoacylglycerides 

PC: phosphatidylcholine 

PE: phosphatidylethanolamine 

PI: phosphatidylinositol 

PS: phosphatidylserine 
30 PS/I: ■ phosphatidylinositol / phosphatidylserine 

SP: sphingomyelin 

TAG: triacylglycerol 



II. Explanations of Specific Terms 

35 Unless otherwise noted, technical terms are used according to conventional usage. 

Definitions of common terms in molecular biology may be found in Benjamm Lewin, Genes V, 
published by Oxford University Press, 1994 (ISBN 0-19-854287-9); Kendrew etal. (eds.), The 
Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN 0-632-02182- 
9); and Robert A. Meyers (ed.). Molecular Biology and Biotechnology: a Comprehensive Desk 

40 Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8). 

In order to facilitate review of the various embodiments of the invention, the following 
explanations of specific terms are provided: 
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Biological Sample: Any biological material, such as a cell, a collection of cells (e.g., 
cultured cells), a tissue sample, a biopsy, or an organism. Biological samples also include blood and 
blood products plasma) and other biological fluids (e.g., tears, sweat, saliva and related fluids, 
urine, tears, mucous, semen, and so forth). Tissue samples can be from any organ or tissue in the 
5 body, include heart, liver, muscle, adipose, brain, lung, testes, and brain. 

Biological samples may be from individual subjects (e.g., animals, such as humans, mice, 
rats, guinea pigs, monkeys, cats, dogs, pigs, horses, cows, fioiit flies, or worms) and/or archival 
repositories. The samples may be acquired directly from the individuals, from clinicians (for 
instance, who have acquired the sample from the individual), or directly from archival repositories. 

10 De novo fatty acid synthesis: The biochemical processes of producing fatty acids from 

substrate(s) within an organism. These processes stand in contrast to the accumulation of fatty acids 
within an organism that takes place following the consumption of foods containing fatty acids. 

For the purpose of this disclosure, de novo fatty acid synthesis does not refer to 
modifications to dietary fatty acids that are performed endogenously by a subject. As used herein, de 

15 novo fatty acid synthesis refers to the process of creating fatty acids from acetyl-CoA substrate. This 
process can ultimately yield a variety of fatty acid structures. A non-limiting list of fatty acids that 
can be produced de novo include: palmitic acid, myristic acid, stearic acid, palmitoleic acid, oleic 
acid, vaccenic acid and nervonic acid, and combinations of two or more of these compounds. 

The prunary enzymes involved in de novo fatty acid synthesis include fatty acid synthase, 

20 acetyl-CoA carboxylase, stearoyl-CoA desaturase (A9-desaturase) and elongase. The biosynthesis of 
fatty acids is largely similar among plants and animals. Both are capable of producing fatty acids de 
novo from acetyl CoA via the concerted action of acetyl CoA carboxylase and fatty acid synthase. 
The first step in the de novo synthesis of fatty acids involves the production of malonyl CoA from 
acetyl CoA, a reaction catalyzed by acetyl CoA carboxylase. Acetyl CoA carboxylase carries out two 

25 partial reactions, each catalyzed at distinct sites, which first carboxylate the reaction cofactor biotin 
and second, transfer the carboxyl group to acetyl CoA. 

In animals, acetyl CoA carboxylase is found in the cytosol and appears to be regulated by a 
number of factors including long chain acyl CoA, providing sensitivity to both de novo production of 
acyl chains and diet. The second general step in the production of fatty acids is activation of both 

30 malonyl CoA and the primary unit of condensation, acetyl CoA, The activated malonyl complex then 
enters a cycle of elongation catalyzed by the soluble enzyme complex, fatty acid synthase. Fatty acid 
synthase lengthens the acyl chain by two carbons per cycle of activity, using acetyl CoA as the 
condensing unit. This series of reactions generally culminates in the production of palmitic acid. The 
cycle is terminated when thioesterase hydrolyzes the growing acyl chain and releases a fatty acyl 

35 CoA. Upon removal from the fatty acid synthase complex, fatty acids can be further modified by 
elongases or the stearoyl-CoA desaturase to produce other forms of de novo synthesized fatty acids. 

Informatics: A global term used to describe the statistical or mathematical analysis of a 
large collection of data. This data is usually produced by modem, "high throughput" scientific 
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techniques. Such "high-throughput" techniques include genomic analyses and proteomic analyses, as 
well as metabolomic analyses. Informatics is also a term used to describe the field of study focused 
on developing statistical and mathematical techniques for analyzing the large biological datasets. 
Informatics stands in contrast to standard "reductionist" research, wherein investigators design the 
5 experimental system to aid in the mterpretation of the results. Informatics focuses on obtaining and 
analyzing large amounts of accurate data that are often from uncontrolled populations or 
experimental models. Informatic analyses generally test hypotheses //? silico rather than at the 
laboratory bench. This method of investigation is suited to genomics, where sequences from 
disparate sources are integrated easily into one database because the genetic code is essentially 

10 universal. Because metabolomic data is influenced by the environment, and can be different 
depending on the time and conditions under which the sample is taken, a metabolomic database 
involves providing for considerably more complexity than is seen in a genomic database. 

In silico research: Literally referring to "in computer" systems, in silico research involves 
methods to test biological models, drugs and other interventions using computer models rather than 

15 laboratory (in vitro) and animal (w vivo) experiments. In silico methods can involve analyzing an 
existmg database, for instance a database that includes one or more records that include quantitative 
analysis of a metabolite {e.g., a lipid metabolite). Analysis of such databases may include mining, 
parsing, selecting, identifying, sorting, or filtering of the data in the database. Data in the database 
can also be subjected to one or more computational analyses, such as statistical conversions. The 

20 data may be subjected to a clustering algorithm, discrimination algorithm, difference test, correlation, 
regression algorithm or other statistical modeling algorithm. 

Using in silico research, drug targets can be identified and validated, candidate drugs can be 
selected, tested, and prioritized, and experimental strategies can be assessed. In silico systems 
complement laboratory-based research, yet increase productivity and efficiency by minimizing the 

25 need for in vitro and in vivo laboratory experiments. 

In certain embodiments provided herem, in silico diagnostic systems are used. In particular, 
this disclosure provides in silico diagnostic methods for assessing a condition related to de novo fatty 
acid synthesis. Such methods involve assessing data in a database, such as a lipomic database. The 
data in tlie database usually includes a quantity of at least one marker of de novo fatty acid synthesis 

30 from a biological sample from one or more individuals. The quantity of at least one marker ofde 
novo fatty acid synthesis from the biological sample is correlated with de novo fatty acid synthesis. 
In specific examples of these methods, markers of de novo fatty acid synthesis are palniitoleic acid, 
vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, or a combination of any two or 
more thereof. 

35 Lipid: As used herein, the term lipid refers to a class of water-insoluble, or partially water 

insoluble, oily or greasy organic substances, that are extractable from cells and tissues by nonpolar 
solvents, such as chloroform or ether. The most abundant kinds of lipids are the fats or 
triacylglycerols, which are major fuels for most organisms. Another class of lipids is the polar lipids. 
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which are major components of cell membranes. The following table (Table 1) provides one way of 
grouping major types of lipids; these have been grouped according to their chemical structure: 



Table I: 



Lipid type 


Representative examples or sub-groups 


Triacylglycerols 




Waxes 




Phosphoglycerides 


phosphatidylethanolamine 




phosphatidylcholine 




phosphatidylserine 




phosphatidylinositol 




cardiolipin 


Sphingolipids 


sphingomyelin 




cerebrosides 




gangliosides 


Sterols and their fatty 


(see Table 3) 


acid esters 



Lipid metabolites may also be broken down into other recognized classes, such as those shown in 
Table 2: 



Table 2 



SCIENTIFIC NAME 


ABBREVIATION 


Lyso-Phosphatidylcholine 


LY 


Sphingomyelin 


SP 


Phosphatidylcholine 


PC 


Phosphatidylserine 


PS 


Phosphatidylinositol 


PI 


Phosphatidylethanolamine 


PE 


Phosphatidylglycerol 


PG 


Cardiolipin 


CL 


Free Fatty Acids 


FFA 


Monoacylglycerides 


MAG 


Diacylglycerides 


DAG 


Triacylglycerides 


TAG 


Cholesterol Esters 


CE 



10 

Also included in the term lipid are the compounds collectively known as sterols. Table 3 shows 
representative sterols. 
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Table 3: 



SCIENTIFIC NAME 


MOLECULAR 
FORMULA 


COMMON NAME 


5b-cholestan-3b-ol 


C27H48O 


coprostanol 


5a-cholestan-3b-ol 


C27H48O 


dihydrocholesterol 


5-cholesten-3b-ol 


C27H46O 


cholesterol 


5,24-cholestadien-3b-ol 


C27H44O 


desmosterol 


5-cholestan-25a-methyl-3b-ol 


C28H42O 


campesterol 


5-cholestan-24b-methyl-3b-ol 


C28H42O 


dihydrobrassicasterol 


5-cholesten-24b-ethyl-3b-ol 


C29H50O 


b-sitosterol 


5,22-cholestadien-24b-ethyl-3b-ol 


C29H48O 


stigmasterol 



Metabolite: A biomolecule that has a functional and/or compositional role (such as a 
component of a membrane) in a biological system, and which is not a molecule of DNA, RNA, or 
5 protein. Examples of metabolites include lipids, carbohydrates, vitamins, co-factors, pigments, and 
so forth. Metabolites can be obtained through the diet (consumed from the environment) or 
synthesized within an organism. Proteins exist in large part to break down, modify, and synthesize 
metabolites. Metabolites are not only directly responsible for health and disease, but their presence in 
a biological system is the result of a variety of factors including genes, the environment, and direct 
10 nutrition. By profiling the metabolite composition of a biological sample, for instance using the 
methods described herein, data on genotype, metabolism, and diet can be obtained in great detail. 
This data can be linked to clinical information and used to identify the true biochemical basis for 
health and disease. 

Lipids are perhaps the most important subset of metabolites, because dietary lipids and lipid 

15 metabolism are clearly linked to the incidence and progression of several major degenerative 
diseases, including heart disease, diabetes, obesity, auto-immunity, and chronic inflammation. 
Moreover, because lipids are the only major nutrients that survive digestion intact, highly accurate 
information on individual nutrition can be gained from a lipid metabolite profile. Thus, a lipid 
metabolomic approach provides information encompassing the entire spectrum of factors that 

20 influence disease. 

Each fatty acid may be found as a component of any lipid class, and in such combination is a 
different metabolite than it is on its own (free) or as a component in any other lipid class. Thus, 
palmitoleic acid in cholesterol esters is a distinct metabolite from palmitoleic acid in 
triacylglycerides, and so on. By way of example, if a system is used in which lipids are categorized 

25 into thirteen classes (as shown in Table 2), and there.an analysis determines the concentration of 38 
fatty acids in each class, then 13 x 38, or 494 specific metabolite concentrations may be determined. 

Metabolomics: Analysis of metabolite concentrations in a biological sample in a 
comprehensive fashion. There are several levels of metabolomics - these can be differentiated for 
instance based on the scope of the individual metabolite profile, where scope refers to the number or 

30 type of metabolites measured in the individual analysis. Thus, lipid metabolomics is the study or 
analysis of a set of individual lipid metabolites. Carbohydrate metabolomics is the study or analysis 

n-f » Sftt nf inHivHiinl carhnVivHratA mptaKrkHtAc Tht* c#>t o-f Hota nrr»Hnpf»H from nnnlvsiji; of an 
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individual sample is referred to herein as an individual lipid metabolite/metabolic profile C'lipomic 
profile") of that sample. Certain examples of lipid metabolite profiles include a highly 
comprehensive set of metabolite measurements (a profile) by multi-parallel analyses. 

The comparison of two metabolite profiles of similar scope (/.a, containing information 

5 about the same or a similar or overlapping set or subset of metabolites) from cells/tissues/subjects 
that have been differently treated, or that are genetically different or different based on disease state 
or condition, provides information on the metabolic effects of the difference. 

A metabolome is a data set that includes concentrations of metabolites in a biological system 
a cell, tissue, biological fluid, or whole subject) under specific conditions; a multidimensional 

10 metabolome includes such data from like samples over a variety of conditions (e.g., time points, 
treatment points, different drug or other treatments, and so forth). 

Quantitative metabolomic data as discussed herein include molar quantitative data, mass 
quantitative data, and relational data by either moles or mass (mole % or weight %, respectively) for 
individual metabolites, or subsets of metabolites. Quantitative aspects of metabolomic samples may 

15 be provided and/or improved by includmg one or more quantitative internal standards during the 
analysis, for instance one standard for each lipid class (in a lipomic profile). Internal standards 
described herein enable true quantification of each fatty acid from each lipid class, whereas 
traditional lipid analysis methods produce data in either a percent-of-total format or as a mixed 
population of lipid metabolites. Provided internal standards are designed to reflect any loss of fatty 

20 acid due to oxidation, discrimination, or cross-contamination. 

Ratios of lipid metabolites may also be used to reflect or assess changes in lipid metabolism. 
These ratios require only relational data when lipid metabolites contained in the numerator and the 
denominator are all taken from the same lipid class. However if lipid metabolite ratios are calculated 
from metabolites not present in the same lipid class, the data used to calculate the ratio should be 

25 quantitative. 

Truly quantitative data can be integrated from multiple sources (whether it is work from 
different labs, samples from different subjects, or merely samples processed on different days) into a 
single seamless database, regardless of the number of metabolites measured in each discrete, 
individual analysis. 

30 Metabolite fingerprint (or linked profile): A distmct or identifiable pattern of metabolite 

levels, or ratios of such levels, for instance a pattern of high and low metabolites of a defined set. A 
representative "set" is a biogenerative pathway; a non-inclusive list of other sets includes 
biodegenerative pathways, disease sets (linked to a specific disease), fitness sets (linked to a level or 
type of fitness of the subject), and so forth. In specific embodiments, the metabolite levels in the 

35 fingerprint are absolute metabolite concentrations. Metabolite fingerprmts (also referred to as linked 
profiles, e.g,, a disease-linked profile or toxin-linked profile) can be linked to a tissue or cell type, to 
a particular stage of normal tissue growth or disease progression, to a dietary limitation or 
supplementation, or to any other distinct or identifiable condition that mfluences metabolite levels 
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ie,g., concentrations) in a predictable or associatable way. Metabolite fingerprints can include 
relative as well as absolute levels of specific metabolites, but absolute levels (e.g,, concentrations) are 
preferred in many embodiments. Specific examples of metabolite fingerprints are lipid metabolite 
fingerprints. 

5 Nutritional treatment or intervention: The terms nutritional intervention or treatment 

include any process of providing a specific food, fluid (e.g., beverage) or supplement to an subject. 
This process can be intentional, as takes place in a nutritional trial, or it can be assessed retroactively 
by questioning the subject or by otherwise determining the nutritional status of a subject. A 
"nutritional component" is any molecule or plurality of molecules consumed by a subject tlirough the 
10 diet. 

Pharmaceutical/therapeutic agent: Any agent, such as a protein, peptide (e.g., hormone 
peptide), other organic molecule or inorganic molecule or compound, or combination thereof, that has 
one or more effects on a biological system, such as a desired therapeutic or prophylactic effect when 
properly administered to a subject. 
15 Subject: Living muhi-cellular vertebrate organisms, a category that includes both human 

and non-human mammals. 

Unless otherwise explained, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention belongs, 

20 The singular terms "a," "an," and "the" include plurals unless context clearly indicates otherwise. It 
is further to be understood that all base sizes or amino acid sizes, and all molecular weight or 
molecular mass values, given for nucleic acids or polypeptides are approximate, and are provided for 
description. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, suitable methods and materials are described 

25 below. All publications, patent applications, patents, and other references mentioned herein are 
incorporated by reference in their entirety. In case of conflict, the present specification, including 
explanations of terms, will control. In addition, the materials, methods, and examples are illustrative 
only and not intended to be limiting. 

30 III. Overview of Several Embodiments 

Bioinformatic strategies that embrace the study of metabolites have potential for (1) 
identifying hallmarks of individual metabolism, (2) identifying the metabolic hallmarks of disease, 
and (3) determining the complex and integrative effects of metabolism, genes, nutrition, and 
environment on health. Fiuther, metabolomics will enable researchers, clinicians, and even 

35 individuals to monitor the individual metabolic response of a person or research animal to a 

treatment. This approach has the potential to allow individuals to assess how a specific intervention, 
such as change in diet or application of pharmaceutical agent, affects their metabolism. 
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This disclosure provides in certain embodiments methods of assessing de novo fatty acid 
synthesis in an organism or a tissue of the organism, for instance a research animal or human. In 
some embodiments, such methods involve quantifying a marker of de novo fatty acid synthesis in a 
biological sample from the organism, wherein the marker of de novo fatty acid synthesis includes 
5 palmitoleic acid, vaccenic acid, pahnitic acid, stearic acid, oleic acid, myristic acid, or a combination 
of any two or more thereof. In specific examples of provided methods, a ratio of two metabolites is 
used. These markers are useful when they are quantified as free fatty acids or as part of other lipid 
molecules, for instance glycerolipids, such as triacylglycerides, cholesterol esters, and so forth. 

In various embodiments, the biological sample is a fluid or tissue sample, or a cell or extract 

10 prepared from a cell, cell culture, or cell preparation. Contemplated fluid samples include blood and 
blood products {e.g., plasma) and other biological fluids (eg., tears, sweat, saliva and related fluids, 
urine, tears, mucous, semen, and so forth). Contemplated tissue samples may be any tissue sample 
taken from a subject, including heart, liver, adipose, brain, and muscle tissue. It is specifically 
contemplated that in vitro cultured cells can be used, for instance inmiortalized cells taken from a 

15 subject. 

Certain disclosed embodiments are methods of assessing de novo fatty acid synthesis in 
adipose tissue, liver tissue or muscle tissue. In some such specific embodiments, the method is a 
method to assess de novo fritty acid synthesis in adipose tissue, and a marker of de novo fatty acid 
synthesis is quantified from the free fatty acid fraction of a blood product. In other specific 

20 embodiments, the method is a method to assess de novo fatty acid synthesis in liver tissue, and a 

marker of de novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or 
cholesterol ester fraction of a blood product. 

Also provided are methods to determine if a pharmaceutical, developmental, nutritional, 
genetic, toxicological or environmental treatment, regimen or dosage influences de novo fatty acid 

25 synthesis, which methods involve quantifying a marker of de novo fatty acid synthesis in a biological 
sample from the organism. 

Further embodiments are methods to assess or identify a therapeutic or pharmaceutical agent 
for its potential effectiveness, efficacy or side effects relating to de novo fatty acid synthesis, which 
methods involve quantifying a marker of de novo fatty acid synthesis in a biological sample from the 

30 organism. 

Also provided are methods to screen individuals for compatibility or incompatibility with a 
pharmaceutical, nutritional, toxicological or environmental treatment, which methods involve 
quantifying a marker o'f de novo fatty acid synthesis in a biological sample from the organism. 

Still fijrther embodiments are methods to assess the rate or amount of de novo fatty acid 
35 synthesis as a component of a metabolic status of an anunal, such as a companion or research animal, 
which methods involve quantifying a marker of de novo fatty acid synthesis in a biological sample 
from the organism. In specific examples of such methods, the metabolic status of the research animal 
is a normal or baseline metabolic state. 
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Optionally, in some of the provided embodiments, the methods further involve comparing 
the assessment of de novo fatty acid synthesis from the organism to an assessment of de novo fatty 
acid synthesis from another organism (from the same or a different species) or an assessment 
compiled for a population of organisms (from one or a mixture of species that may be the same or 
S different from the test organism or subject). Some examples of such methods further involve scoring 
the test or subject organism based on the comparison, for instance to provide a score that is correlated 
to weight gain or loss, growth, or wasting, or a score based on metabolite concentrations, such as a 
percentile rank. In some examples of provided methods, the comparison is a comparison between the 
quantity of one or more markers of de novo fatty acid synthesis. 

10 Also provided herein are methods of assessing a change in the de novo fatty acid synthesis in 

the organism, wherein the methods involve taking at least two biological samples from the organism, 
one of which is taken before and one after an event. In various specific embodiments, the event 
involves passage of time (e.g., minutes, hours, days, weeks, months, or years), treatment with a 
therapeutic agent (or putative or potential therapeutic agent), treatment with a pharmaceutical agent 

15 (or putative or potential pharmaceutical agent), treatment with a nutritional regimen, treatment with a 
genetic modification, exposure to a toxic or potentially toxic compound, exposure to an 
enviromnental condition, treatment with a laboratory procedure, exercise (e.g., an increase, decrease, 
or change in an exercise regimen), or the appearance of a phenotypic state. 

In certain of the provided methods, the quantity of a marker of de novo fiatty acid synthesis is 

20 correlated to a propensity, risk, or metabolic basis for weight gain or loss of the organism, and the 

method is a method for determining the propensity, risk, or metabolic basis for weight gain or loss of 
the organism. Optionally, such methods may further involve correlating the quantity of the marker of 
de novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker otde 
novo fatty acid synthesis is quantified from the free fetty acid fraction of a blood product. Other 

25 provided methods involve correlating the quantity of the marker of de novo fatty acid synthesis with 
de novo fatty acid synthesis in the liver, wherem the marker of de novo fatty acid synthesis is 
quantified from the phosphatidylcholine, triacylglyceride, or cholesterol ester fraction of a blood 
product. 

In still other provided methods, the quantity of a marker of de novo fatty acid synthesis is 
30 correlated to a propensity, risk, or metabolic basis for diabetes, obesity, cardiovascular disease, and/or 
hormonal dysregulation of the organism, and the method is a method for determining the propensity, 
risk, or metabolic basis for such. 

In specific provided embodiments, it is a ratio of quantities of metabolites or metabolite 
categories (e.g., all n7 or all n9 or all saturated fatty acids) that is so correlated. 
35 Also provided are methods of determining whether a treatment or other intervention will 

cause weight gain or loss in an organism, which methods mvolve taking at least two biological 
samples from the organism, wherein the two samples are taken before and after a nutritional, 
pharmacological, genetic, environmental or toxicological intervention treatment, and wherein a 
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change in the.quantity of a marker ofde novo fatty acid synthesis measured in these samples is 
correlated with a likelihood of weight gain or loss. 

Optionally, the provided methods for examining weight gain or loss in an organism may 
further involve comparing the assessment of de novo fatty acid synthesis from the organism to an 

5 assessment ofde novo fetty acid synthesis from another organism or compiled for a population of 
organisms. Specific examples of such methods further involve predicting a propensity of the 
individual organism for weight gain based on the comparison. 

In embodiments of the provided methods, the quantity of a marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration. For instance, methods are provided 

10 wherein correlating the quantity of a marker of de novo fatty acid synthesis involves using the 

absolute or relative concentration of the marker of de novo fatty acid synthesis in a mathematical or 
statistical equation for determining the amount of de novo fatty acid synthesis. In specific examples, 
the marker ofde novo fatty acid synthesis is a ratio of the quantity of two individual metabolites, 
which themselves might separately be markers of de novo fatty acid synthesis. 

15 Also provided are in silico diagnostic methods, particularly methods for determining an 

effect related to de novo fatty acid synthesis. In some embodiments, these methods include assessing 
a condition related to de novo fatty acid synthesis, which involves assessing data in a database, 
wherein the data in the database includes a quantity of at least one marker ofde novo fatty acid 
synthesis from a biological sample from the individuals. The quantity of the at least one marker ofde 

20 novo fatty acid synthesis from the biological sample is correlated with de novo fatty acid synthesis. 
Alternatively, a ratio of the quantities of two metabolites may be used in such methods. In various 
embodiments, markers of de novo fatty acid synthesis include pahnitoleic acid, vaccenic acid, 
palmitic acid, stearic acid, oleic acid, myristic acid, or a combination of any two or more thereof As 
contemplated herein, assessing data in the database can include mining, parsing, selecting, 

25 identifying, sorting, and/or filtering the data or otherwise subjecting it to an analysis algorithm. 

Certain of the provided in silico diagnostic methods are methods of assessing weight gain or 
growth or the potential for weight gain or growth, which methods involve correlatmg de novo fatty 
acid synthesis with weight gain or growth or the potential for weight gain or growth. 

In specific examples of the provided in silico diagnostic metliods, the quantity of a marker of 

30 de novo fatty acid synthesis is reported as an absolute or relative concentration. Some of these 

methods further involve using the absolute or relative concentration of the marker ofde novo fatty 
acid synthesis in a mathematical or statistical equation for determinmg the amount ofde novo fatty 
acid synthesis. In specific examples, the marker of de novo fatty acid synthesis is a ratio of the 
quantity of two individual metabolites, which themselves might separately be markers ofde novo 

35 fatty acid synthesis. 

Some of the provided methods involve using the absolute or relative concentration of the 
. marker of de novo fatty acid synthesis in a mathematical or statistical equation for determining a 
propensity for a future body weight, a cause of current body weight, or a change in body weight. 
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In other provided methods, correlating the quantity of the marker of de novo fatty acid 
synthesis involves using the absolute or relative concentration of the marker ofde novo fatty acid 
synthesis in an mathematical or statistical equation for determining a propensity for a change in body 
composition, a propensity for a change in total body fat, a change in body composition, or a change in 
5 total body fat 

In still other of the provided methods, correlating the quantity of the marker of de novo fatty 
acid synthesis involves using the absolute or relative concentration of the marker ofde novo fatty acid 
synthesis in an mathematical or statistical equation for determining a propensity for growth or a cause 
of growth. In specific examples, the marker of de novo fatty acid synthesis is a ratio of the quantity 
10 of two individual metabolites, which themselves might separately be markers of de novo fatty acid 
synthesis. 

In some examples of the provided methods, more metabolites are assessed than merely 
markers ofde novo fatty acid synthesis. Thus, some of the in silico diagnostic methods specifically 
involve assessing a concentration or relative concentration of a lipid metabolite (or a non-lipid 
15 metabolite) other than palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid or 
myristic acid. 

In certain examples of the provided methods, assessing data in a database involves using 
palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, all n7 fatty acids, all n9 fatty 
acids, all unsaturated fetty acids, or a combination of two or more thereof as part of a clustering 

20 algorithm, discrimination algorithm, difference test, correlation, regression algorithm or other 

statistical modeling algorithm. Such methods can be used for mstance to determine or predict an 
effect of a condition on de novo fatty acid synthesis in a subject 

In still other provided methods, the quantity of a marker of de novo fatty acid synthesis 
(reported in either an absolute or relative concentration, or a ratio thereof) is correlated to a 

25 propensity, risk, or metabolic basis for growth or wasting of a subject Thus, some of the provided 
methods are methods for determining the propensity, risk, or metabolic basis for growth or wasting of 
a subject, which methods involve quantifying a marker of de novo fatty acid synthesis in a biological 
sample of the subject, wherein the marker of de novo fatty acid synthesis is palmitoleic acid, vaccenic 
acid, palmitic acid, stearic acid, oleic acid or myristic acid, or a combination of two or more thereof 

30 In some of these embodiments the assessment of de novo fatty acid synthesis from the organism is 
compared to an assessment of de novo fatty acid synthesis from another organism or compiled for a 
population of organisms. Specific examples of such methods further involve predicting a propensity 
of the organism for growth or wasting based on the comparison. 

In specific examples of such methods, the quantity of the marker of de novo fatty acid 

35 synthesis is further correlated with de novo fatty acid synthesis in adipose, and the marker ofde novo 
fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. In other 
examples, the quantity of the marker of de novo fatty acid synthesis is correlated with de novo fatty 
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acid synthesis in the liver, and the marker of de novo fatty acid synthesis is quantified from the 
phosphatidylcholine, triacylglyceride, or cholesterol ester fraction of a blood product* 

Also provided are methods of determining whether a treatment will cause growth or wasting. 
These methods involve taking at least two biological samples from the organism, wherein the two 
S samples are taken before and after a nutritional, pharmacological, genetic, environmental or 

toxicological intervention treatment, and wherein a change in the quantity of the marker of de novo 
fatty acid synthesis is correlated with a likelihood of growth or wasting. 

In still other of the provided methods in which the quantity of a marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for growth or wasting of a subject, 
10 correlating the quantity of the marker of de novo fatty acid synthesis involves using the absolute or 
relative concentration of the marker of de novo fatty acid synthesis in an mathematical or statistical 
equation for determining the amount of de novo fatty acid synthesis. 

One specific provided embodiment is a method of determining whether or to what extent a 
condition influences de novo fatty acid synthesis. This method involves subjecting a subject to the 
15 condition, taking a biological sample from the subject, analyzing the biological sample to produce a 
test lipomic profile for the subject, which profile comprises a total quantity (in absolute or relative 
terms) of at least one marker for de novo fatty acid biosynthesis, and comparing the test lipomic 
profile for the subject with a control lipomic profile, which profiles comprise a total quantity of the at 
least one marker for de novo fatty acid biosynthesis. From this comparison, conclusions are drawn 
20 about whether or to what extent the condition influences de novo fatty acid synthesis based on 

differences or similarities between the test lipomic profile and the control lipomic profile. Specific 
examples of markers for de novo fatty acid synthesis that are used in this method include palmitoleic 
acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, all n7 fatty acids, all n9 fatty acids, all 
unsaturated fatty acids, and combinations of two or more thereof As contemplated for this 
25 embodiment, a condition to which the subject is subjected can include but is not limited to a 

genotype, such as a genetic knockout, a dietary limitation or supplementation, a disease or disease 
state, application of a toxin or suspected toxin, application of a pharmaceutical or therapeutic agent or 
candidate agent, an increase in exercise, a decrease in exercise, or a change in an exercise regimen of 
the subject. 

30 In specific examples of such methods, the control lipomic profile is a compiled lipomic 

profile assembled from a plurality of individual lipomic profiles. In other examples, the control 
lipomic profile is a pre-condition lipomic profile from the subject. 

Also provided is a method of determining drug or treatment effectiveness or side effects, 
which method involves applying a drug or treatment to a subject, taking a biological sample from the 

35 subject, and analyzing the biological sample to produce a test lipomic profile for the subject, which 
profile comprises a total quantity of at least one marker for de novo fatty acid synthesis. The test 
lipomic profile for the subject is compared with a control lipomic profile, which profile comprises a 
total quantity of the at least one marker for de novo fatty acid synthesis; and conclusions are drawn 
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about the effectiveness or side effects of the drug or treatment based on differences or similarities 
between the test lipomic profile and the control lipomic profile. Specific examples of markers for de 
novo fatty acid synthesis that are used in this method include palmitoleic acid, vaccenic acid, palmitic 
acid, stearic acid, oleic acid, myristic acid, and combinations of two or more thereof. As 

5 contemplated for this embodiment, a drug or treatment that is applied to the subject can include a 
hormone or hormone treatment, a drug or treatment relates to controlling obesity or diabetes, a drug 
or treatment relates to controlling cardiovascular disease, a drug or treatment relates to modifying 
lipid metabolism, a nutritional intervention, or an exercise program. 

Further provided embodiments are methods of assessing fatty acid synthesis, which methods 

10 specifically include quantifying palmitoleic acid in a biological sample (such as a blood product). In 
examples of these methods, the pahnitoleic is quantified from the fi-ee fatty acid fraction of a blood 
product and the method is a method to assess de novo fatty acid synthesis in adipose tissue. 

Another disclosed method involves quantifying palmitoleic acid and palmitic acid in a 
biological sample from an organism, for instance, within a specific lipid class. Such methods may 

15 further include generating a ratio indicator of de novo fatty acid synthesis, wherein the ratio indicator 
is the ratio of the quantity of palmitoleic acid to the quantity of palmitic acid. 

Yet a further disclosed method mvolves quantifying stearic acid and palmitic acid in a 
biological sample from an organism, for instance, within a specific lipid class. Such methods in some 
circumstances may further include generating a ratio mdicator of de novo fatty acid synthesis, 

20 wherem the ratio indicator is the ratio of the quantity of stearic acid to the quantity of palmitic acid. 

A still further disclosed method involves quantifymg total n7 fatty acids and total saturated 
fatty acids in a biological sample from an organism, for instance, within a specific lipid class. Such 
methods may further include generating a ratio indicator of de novo fatty acid synthesis, wherein the 
ratio indicator is the ratio of the quantity of total n7 fatty acids to the quantity of total saturated fatty 

25 acids. 

Also provided are methods involving quantifying total n7 fatty acids and total n9 fatty acids 
in a biological sample from an organism, for instance, within a specific lipid class. Such methods 
may further include generating a ratio indicator of de novo fatty acid synthesis, wherein the ratio 
indicator is the ratio of the quantity of total n7 fatty acids to the quantity of total n9 fatty acids. 

30 In any of the provided methods, a comparison of or analysis of data can involve a statistical 

or computer-mediated analysis. 

Any of the provided methods can further involve generating a printed report, for instance a 
report of some or all of the data, of some or all of the conclusions drawn from the data, or of a score 
or comparison between the results from a subject or individual and other individuals or a control or 

35 . baseline. 
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IV. Lipomic Assessment of Metabolism, Development and Phenotype 

The massively parallel measurement of gene expression has become a standard approach for 
identifying the genetic and metabolic basis for a biological difference. Essentially, the expression of 
genes as mRNA from two samples or groups of samples are measured and compared to determine 

• 5 which genes are more or less expressed in a relative sense between the samples. These data are then 
interpreted as the basis for altered metabolism. This approach has many advantages, the most salient 
being that the expression of every gene can be measured simultaneously and that each gene transcript 
can be linked directly to a metabolic pathway. However, there are several disadvantages to the 
approach as well, namely that increased gene expression does not guarantee a change in the metabolic 

10 status of a subject. The mere presence of mRNA does not indicate that (1) the mRNA will be 

translated into a protein, (2) that the protein will be activated, or (3) that the protein will be present at 
the appropriate site to catalyze the desired reaction. Additionally, assays that rely on relative or 
comparison data are not intrinsically quantitative, and thus, not easily organized into a seamless and 
minable database. 

15 By contrast, the highly parallel and quantitative assessment of metabolites allows for the 

creation of an infinitely expandable and minable database. Perhaps even more importantly, where the 
concentrations of metabolites change, it is the unequivocal consequence of altered metabolism. 
Therefore, constructing and mining a metabolomic database will allow the identification of 
metabolite hallmarks of metabolic processes. This database and the resulting knowledge created 

20 from it can be used to develop diagnostics, markers, or profiles of specific metabolic processes. 

Where these processes are linked with phenotype, the metabolomic measurements themselves can be 
used as diagnostics or predictive diagnostics for the phenotype. Once the metabolomic profile of a 
specific metabolic process is known that profile can be used to identify the targets of nutritional 
components, pharmaceuticals, toxins, environmental influences and the functions of genes and 

25 proteins. As an example, a tliiadolidinedione drug binds the PPARy receptor and elicits a series of 
metabolic responses. At the level of metabolic control, the binding of the PPARy receptor can induce 
hormone synthesis or secretion, and induce the binding of DNA transcription factors among other 
possible affects. Each of these metabolic control mechanisms can control the concentration, activity, 
or specificity of individual enzymes. These enzymes in turn modulate the concentrations of 

30 metabolites, and it is the metabolites that in turn cause and define phenotype. Thus, by generating 
quantitative data on the metabolome, it is possible to "fingerprint" (profile) the effects of (1) single 
enzymes, (2) metabolic control mechanisms, such as hormones, and (3) treatments or affectors such 
as pharmaceuticals or nutritional components. In addition, the quantitative metabolomic profile 
serves as a marker or diagnostic for the action and efficacy of any treatment that affects lipid 

35 metabolism. 

Ratios of fatty acids or lipid classes can be informative to changes m lipid metabolism. As 
the activity of one or more enzymes change, the ratio of substrate lipid metabolites used to product 
lipid metabolites can indicate the direction of the change. Increases in enzyme activity will be 
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reflected by increases in the ratio of a product to its substrate(s). Likewise, decreases in enzyme 
activity will be reflected by decreases in the ratio of a product to its substrate(s). These ratios can be 
ratios of two lipid metabolites or ratios of complex relationships among metabolites. Further, the 
lipid metabolites do not need to be direct product-substrate metabolites of specific enzymes (or a 
S specific enzyme), but can be ratios of any two or more metabolites. In this respect, it is important 
that the data used to generate ratios is quantitative, as mole percentage data are not appropriate for 
comparing two lipid metabolites that are present within different lipid classes. 

V. Individual Markers and Profiles 

10 A quantitative assessment of fatty acids allows for the investigation of fatty acid 

concentration in both absolute and relative terms. Only quantitative data will allow for the 
investigation of the molar relationships among all fatty acids, regardless of which lipid class the fatty 
acid is acylated into. Additionally, quantitative data enables the creation of an expandable database 
of lipid metabolites that can be investigated in silico. Quantitative data is also easily converted into 

15 relative data (mole percentage, weight percentage, etc.) for investigating fatty acid metabolism within 
an individual lipid class. By converting quantitative data to mole percentage data, for instance, an 
investigator can identify the relative abundance of the fatty acid within the class. This approach can 
make identifying changes in lipid class metabolism easier than investigating the data in quantitative 
terms. Thus, the assessment of de novo fatty acid synthesis by measuring fatty acid composition can 

20 be approached both from quantitative and relational data formats, although it is suggested that the 
data is collected in quantitative terms. 

There are many ways to collect quantitative or relational data on lipid metabolites, and the 
analytical methodology does not affect the utility of metabolite concentrations in predicting 
phenotype or assessing metabolism. One method described herein for generating quantitative and 

25 mole percentage data on fatty acids in lipid classes involves gas chromatography coupled with flame 
ionization detection. Other methods for generating data on lipid metabolites include but are not 
limited to high-performance liquid chromatography, mass spectrometry, capillary electrophoresis, 
thin layer chromatography, immunoassay, RNA switches, nuclear magnetic resonance, etc. The 
specific methodology used to generate the quantitative lipid metabolite date is essentially irrelevant to 

30 this disclosure, which is focused on the use of lipid metabolite data, for instance to identify metabolic 
process or to identify or predict phenotype, including the specific embodiments described herein. 

A. Markers for Endogenous Fatty Acid Biosynthesis and 
Accompanying Phenotypes 

35 

It has been found using the methods disclosed herein that assessment or measurement of the 
absolute or relative concentration of pahnitoleic acid (16:ln7) or its immediate elongation product, 
vaccenic acid (18:ln7), in biological samples can be used as a measurement of de novo fatty acid 
synthesis. Assessment of de novo fetty acid synthesis by measuring other fatty acids including 
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palmitic acid (16:0), stearic acid (18:0), oleic acid (18:ln9), myristoleic acid (14:0), all n7, all n9, or 
all saturated fatty acids, can also be used for the same purposes. Each of these markers, alone or in 
combination with other markers, can be used to analyze and predict phenotypes and manifestations 
linked to de novo fatty acid in much the same way as cholesterol is used as a marker for heart disease. 
5 Similarly, markers or profiles of sets of markers can be correlated to the activity of one or more 
specific enzymes involved in de novo fatty acid synthesis. 

In some embodiments, the lipid class in which these de novo fatty acid synthesis markers are 
found is an indication of the location of the increased or decreased fatty acid synthesis. 

Measurement of these compounds, either from biological samples or in silico from a table or 
10 database, can be, among other things, used for: 

(1) the assay of the activity of one or more of the enzymes involved in de novo fatty acid 
synthesis; 

(2) the bulk process of de novo fatty acid synthesis itself; 

(3) the measurement of processes in which de novo fatty acid synthesis is a component 
15 (either as a direct assay of the process or as a constituent part of a profile to assay this process); 

(4) phenotypes or the propensity to express a phenotype that results from or is related to de 
novo fatty acid synthesis, such as weight gain or loss, growth and hypo- or hyperlipidemia, and 

(5) identification and testing/characterization of compounds or non-compound influences 
(such as exercise, dietary changes, nutritional treatment, and so forth) regarding their ability to 

20 influence (e.g., treat, detect, analyze, ameliorate, reverse, and/or prevent changes in) de novo lipid 
biosynthesis. 

These measurements can serve as assessments of individuals or populations and as 
assessments of the results of an intervention by pharmacological, nutritional, toxicological, 
environmental, or genomic means. Further, these markers and profiles can be used to mine, parse, 
25 sort, filter, or otherwise investigate a database of lipid metabolites. 

Introduction 

Fatty acids found in the tissue and body fluids of animals are present there because of diet or 
the biosynthesis of fatty acids de novo from acetyl-CoA. The accumulation of fatty acids within 

30 lipids is thus a competitive process, where de novo synthesized fatty acids compete for acylation into 
the many of the same lipid pools as diet-derived fatty acids. The distinction between diet- and de 
wovo-synthesized fatty acids is not always clear, for instance oleic acid (18:ln9) is both a major 
unsaturated fatty acid in the diet and a major unsaturated fatty acid produced de novo. However, 
there are distinctions among fatty acid that allow investigators to assess the relative role of 

35 endogenous lipid synthesis in the total lipid composition of a human or a research animal. As an 
example, humans and other animals can not synthesize linoleic acid, and thus, when it is present in 
tissues or body fluids it is invariably there because linoleic acid is present in the diet. Conversely, the 
fatty acid palmitoleic acid (16:ln7) is not common in the diet, and is a primary product of de novo 
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fatty acid synthesis, and thus, the presence of pahnitoleic acid in tissues or body fluids is the result of 

de novo fatty acid synthesis. 

In animals, de novo fetty acid synthesis occurs predominantly in the liver, skeletal muscle 

and in the abdominal adipose tissue (Semenkovich et al.y Prog. Lipid Res. 36(l):43-53, 1997). The 
S combined action of a group of enzymes known as fatty acid synthase produce saturated fatty acids by 

subsequent reaction cycles, with each cycle adding an acetate group to the growing acyl chain. 

Thioesterases specific for fatty acid chain length remove the fatty acids from this cyclic synthesis. 

The dominant product of de novo fatty acid synthesis is palmitic acid (16:0). Other fatty acids 

including stearic acid (18:0) and myristic acid (14:0) are also produced by fatty acid synthase but at 
10 much lower concentrations. Each of these fatty acids can be desaturated by the stearoyl-CoA 

desaturase to a A9-unsaturated fatty acid. Examples of these fatty acids include palmitoleic acid 

(16:ln7) and oleic acid (18:ln9). 

All of the fatty acids produced de novo by animals are candidates for markers of de novo 

fatty acid synthesis; however, the inventor has discovered that a few fatty acids are particularly well 
15 suited as biomarkers or components of metabolomic profiles of de novo fatty acid synthesis. Figure 1 

shows the metabolism of de novo synthesized fatty acids within animals. The major fatty acids 

produced by de novo synthesis are pahnitic acid (16:0), stearic acid (18:0), myristic acid (14:0), 

palmitoleic acid (16:ln7), oleic acid (18:ln9) and vaccenic acid (18:ln7). all of the major fatty acids 

produced de novo are saturated or monounsaturated fatty acids. The only polyunsaturated fatty acid 
20 of significance produced de novo in animals is mead acid (eicosatrienoic acid; 20:3n9). All of the 

above mentioned fatty acids have some value in assessing the activity and regulation of de novo fatty 

acid synthesis, however, in particular circumstances each of these components also has significant 

drawbacks. 

The saturated fatty acid 16:0 is the primary product of fiitty acid synthase and would seem at 
25 first glance to be the ideal marker of de novo fatty acid synthesis. However, there are two drawbacks 
to using the measurement of 16:0 to assess de novo fatty acid synthesis. The first is that 16:0 is a 
major component of the diet, and thus, if the measurement of 16:0 from biological tissues is to be 
used to assess de novo fatty acid synthesis, the diet of the experimental subject must be controlled or 
known. This is also the case for 1 8:ln9 and 18:0, which are.major dietary fatty acids. The second 
30 drawback is more complicated and it is applicable to each of the saturated fatty acids including 14:0, 
16:0, and 18:0. Although saturated fatty acids are the direct products of fatty acid synthase, they are 
not substantially enriched relative to other fatty acids in biological tissues as a result of de novo fatty 
acid synthesis. This is because the lipid classes that fatty acids are esterified into are tightly regulated 
with respect to their saturated fatty acid content. As an example, the sn-1 position (the position in 
35 ' which a fatty acid is inserted by glycerol phosphate acyltransferase, a major enzyme involved in 
glycerolipid biosynthesis) in phospholipids contams more than 80% of its fatty acids as saturated 
fetty acids, while m most phospholipids, there are virtually no saturated fatty acids in the sn-2 
position. The sn-2 position is composed of both mono- and polyunsaturated fatty acids. Thus, since 
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the pool for saturated fatty acids in phospholipids is already predominantly comprised of saturated 
fatty acids, there can be no substantial enrichment of phospholipids with saturated fatty acids. This 
example extends to most other lipid classes as well. For the saturated fatty acid products of de novo 
fatty acid synthesis to substantially alter the lipid classes of tissues or bodily fluids, they must first be 
S desaturated to their monounsaturated fatty acid derivatives. 

The primary desaturase in de novo fatty acid synthesis is the A9 desaturase or stearoyl CoA- 
desaturase. This desaturase is common to both plants and animals, and is unfailingly the first 
desaturase to act on a saturated fatty acid. The A9 desaturation of palmitic acid produces the n7 
family of fatty acids, 16: In? and 18: In?. These fatty acids are both rare in the diet and highly 

10 indicative of de novo fatty acid synthesis. 

Monounsaturated fatty acids, and particularly those belonging to the n? family of fatty acids, 
are typically a more appropriate subset of the metabolome to investigate as reflective of de novo fatty 
acid synthesis than are saturated fatty acids. Oleic acid (18:ln9) may be used in a similar fashion to 
16: In?, but only when the diet is carefully controlled, because oleic acid is the most common 

15 unsaturated fatty acid consumed in the diet. In fact, in a highly controlled experimental system, the 
concentration of 1 8:ln9 or its elongation products may be equal or superior measurements than 
16:ln7 or 18:ln7 for assessing de novo fatty acid synthesis. 

Although palmitoleic acid is produced de novo by both plants and animals by the A9 
desaturation of palmitic acid, it is a negligible component of most animal and vegetable lipids. Fish 

20 oil and pork fat are two noteworthy sources of palmitoleic acid; however, both fats generally contain 
less than 3% of their fatty acids as pahnitoleic acid. 

The primary purpose ofde novo fatty acid synthesis is to convert soluble energy in the form 
of carbohydrates and acetyl-CoA to insoluble energy in the form of fats for long-term storage. De 
novo fatty acid synthesis is thus one response to an energy surplus, and is typically accompanied by 

25 weight gain, particularly adipose tissue accumulation. It has recently been reported that the injection 
of a pharmacological inhibitor of fatty acid synthase caused significant weight loss in mice (Loftus et 
al.. Science, 288:2379-2381, 2000). Ceasing the injections of fatty acid synthase inhibitor was 
followed by a rapid gain of weight in the same mice. These data indicate that metabolic markers of 
fatty acid synthesis should be excellent markers of the propensity to gain weight. 

30 Several nutritional interventions are known to modulate de novo lipogenesis. Dietary 

polyunsaturated fatty acids have been shown to decrease the expression of hepatic fatty acid synthase 
and A9 desaturase mRNA (Jump et al, J, Lipid Research 35:1076-1084, 1994). Alternatively, dietary 
carbohydrates and plasma glucose increase de novo lipogenesis in both liver and adipose. Fasting has 
tissue-specific effects on de novo lipogenesis, with lipogenesis depressed in adipose and increased in 

35 liver (Kersten et al, 103, 1489-1498, 1999). This is likely because adipose tissue must mobilize fatty 
acids from triacylglycerides to meet the increased energy demands of peripheral tissues m the fasted 
state, while the liver must deal with the increased circulating free fatty acids by repackaging them 
into triacylglycerides for transport to tissues. This repackaging of previously formed free fatty acids 



wo 03/028271 



PCTAJS02/30348 



-22- 

is important to distinguish from the de novo synthesis of fatty acids. Although the term lipojgenesis 
encompasses both the synthesis of fatty acids and the assembly of those fatty acids into 
triacylglycerides, only the synthesis of fetty acids itself is truly representative of physiological states 
in which there is an energy surplus or a propensity for weight gain. For the purposes of this 
5 application, de novo fatty acid synthesis refers to only the synthesis of fatty acids, and not the 
creation of triacylglycerides. 

Included herein is an example (rosiglitazone-treated mice) in which plasma total 
triacylglycerides decreased, yet de novo fatty acid synthesis in both the liver and in adipose were 
increased. The rosiglitazone-treated mice from this study gained weight relative to their controls, yet 

10 had diminished lipid concentrations in their plasma. Despite the decreased plasma lipids, a 

quantitative metabolomic assessment of the plasma and other tissues revealed that these mice showed 
clear signs of de novo fatty acid synthesis, as all tissues and plasma contained increased 
concentrations of palmitoleic acid. This example clearly demonstrates that triacylglyceride 
concentrations are not sufficient to assess whether an intervention will increase fatty acid synthesis or 

1 5 cause weight gain, and that only an assessment of pabnitoleic acid or other markers of de novo fatty 
acid synthesis described herein can predict these metabolic and phenotypic outcomes. 

Hormones also modulate de novo lipogenesis. Insulin increases hepatic de novo lipogenesis, 
while glucagon and growth hormone decrease lipogenesis (Kersten, EMBO Reports^ 2(4):282-286, 
2001). Growth hormone has been shown to depress insulin sensitivity in adipose tissue, resulting in 

20 decreased fatty acid synthase expression in adipose (Yin et aLy Biochem, J. 331, 815-820, 1998). The 
phenotypic effects of this are decreased adipose and increased lean muscle mass. Leptin is best 
known for is repression of food intake, however, it has also been shown to decrease the expression of 
fatty acid synthase and genes involved in triacylglycerides synthesis (Soukas et aly Genes Dev. 14, 
963-980, 2000). The effect of leptin and other hormones may be mediated by the sterol regulatory 

25 element binding protein (SREBP-1). The hormone acylation stimulating protein (ASP) acts not at the 
level of fatty acid synthesis, but rather by up-regulating the synthesis of triacylglycerides. Thus, ASP 
action may be discriminated from the action of those hormones that induce both fatty acid synthesis 
and triacylglycerides synthesis by the absence of an mcrease in de novo synthesized fatty acids within 
the newly formed triacylglycerides. 

30 Sterol regulatory element-bindmg proteins (SREBPs) are membrane-bound transcription 

factors that control the expression of genes involved in lipid biosynthesis including fatty acid 
synthase and sterol CoA desaturase (SCD) (Horton a/., y. Clin. Invest 109:1125-1131,2002). 
There are two genes encoding three SREBP proteins SREBP-la, SREBP-lc and SREBP-2. SREBP- 
Ic preferentially activates fatty acid synthase and SCD, thereby activating fatty acid biosynthesis 

35 without activatmg sterol biosynthesis. SREBP-2 preferentially activates the biosynthesis of 
cholesterol without activating fatty acid biosynthesis. Thus, agents that target the expression, 
processing or actions of SREBP proteins can influence de novo &tty acid biosynthesis and weight 
gain. The markers described herein serve as effective diagnostic and prognostic markers for the 
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actions of interventions that may influence SREBP-mediated fetty acid biosynthesis and weight gain. 
Likewise, activities and influences of hormones that regulate SREBP actions, such as insulin, 
estrogen, growth factor, for instance, can be assessed by the methods described herein. 

5 Quantitative Metabolomics 

A quantitative assessment of fatty acids allows for the investigation of fatty acid 
concentration in both absolute and relative terms. Only quantitative data will allow for the 
investigation of the molar relationships among all fatty acids, regardless of which lipid class the fatty 
acid is acylated into. Additionally, quantitative data enables the creation of an expandable database 

10 of lipid metabolites that can be investigated in silico. Quantitative data is also easily converted into 
relative data (mole percentage, weight percentage, etc.) for investigating fatty acid metabolism within 
an individual lipid class. By converting quantitative data to mole percentage data, for instance, an 
investigator can identify the relative abundance of the fatty acid within the class. This approach can 
make identifying changes in lipid class metabolism easier than investigating the data in quantitative 

15 terms. Thus, the assessment of de novo fatty acid synthesis by measuring fatty acid composition can 
be approached both from quantitative and relational data formats, although it is suggested that the 
data is collected in quantitative terms. 

It is the fatty acids themselves (I6:ln7, etc) that indicate the modulation of de novo fatty 
acid synthesis, not the concentrations of the lipid classes. However, the presence of these fatty acids 

20 in lipid classes can indicate the location of the modulated de novo fatty acid synthesis. In blood, for 
instance, free fatty acids are derived almost exclusively from adipose, while in blood from fasted 
subjects, triacylglycerides, phospholipids and most cholesterol esters are derived from the liver. 
Thus, as an example, the presence of a marker of de novo fatty acid synthesis in the free fatty acid 
fraction of plasma indicates increased synthesis in adipose tissue. 

25 An increased concentration (or concentration relative to other major fatty acids) of 

palmitoleic acid (1 6: 1 n?) in tissue, blood, serum or plasma cholesterol esters, free fatty acids, 
triacylglycerides, phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine or 
phosphatidyl inositol mdicates mcreased de novo fatty acid synthesis. A decreased concentration (or 
concentration relative to other major fatty acids) of palmitoleic acid (16: In?) in tissue, blood, serum 

30 or plasma cholesterol esters, free fatty acids, triacylglycerides, phosphatidylcholine, 

phosphatidylethanolamine, phosphatidylserine, or phosphatidylinositol indicates decreased de novo 
fatty acid synthesis. 

De novo fatty acid synthesis can be detected by the methods described herein, even when 
total plasma triacylglycerides or other tissue or plasma lipid classes are decreased in concentration. It 
35 is the individual de novo synthesized lipids that are important, not the total class concentration. 
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Ratios of Markers 

Using methods described herein, it has been found that specific ratios between lipid 
metabolites, or between classes of metabolites, can be closely correlated with specific biological 
conditions or propensities. Representative specific ratios that have been identified mclude the 
S following: 

1) The ratio of palmitoleic acid to palmitic acid (16:ln7/16:0) increases in lipid classes with 
increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain. 

2) The ratio of stearic acid to palmitic acid (18:0/16:0) decreases in lipid classes with 
increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain in some systems. 

10- 3) The ratio of total n? fatty acids to total saturated fatty acids increases in lipid classes with 

increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain. 

4) The ratio of total n7 fatty acids to total n9 fatty acids increases in lipid classes with 
increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain. 

5) The ratio of 18: ln9 to 1 8:0 is positively correlated with weight gain. 

15 

Marker ratios can be calculated for different lipid categories, such as liver triacylglycerides, 
cholesterol esters, free fatty acids, plasma triacylglycerides, cholesterol esters and free fatty acids, 
and adipose triacylglycerides, to determine the propensity for weight gain. 

20 Markers of de novo fatty acid synthesis as markers for phenotype 

As mentioned above, the primary purpose of de novo fatty acid synthesis is to convert 
soluble energy in the form of carbohydrates and acetyl-CoA to insoluble energy in the form of fats 
for long-term storage. Thus, increased de novo fatty acid synthesis itself is a hallmark of energy 
surplus, weight gain and adipose accumulation. Weight gain or lipid synthesis and accumulation are 

25 important phenotypes in a number of clinically relevant situations. A non-limiting list of examples 
includes individual responses to a pharmaceutical intervention, such as birth control pills or insulin 
sensitizing drugs, wherein weight gain is considered a negative phenotype, and the treatment of 
acquired immune deficiency syndrome (AIDS) patients, chemotherapy patients, and the elderly, in 
which weight gain may be considered a positive phenotype. 

30 

VL Methods of Screening for a Compound 

This disclosure further relates in some embodiments to novel methods for screening 
compounds (such as test compounds) for their ability to treat, detect, analyze, ameliorate, reverse, 
and/or prevent changes in de novo fatty acid synthesis-linked diseases, disorders or conditions, such 
35 as diabetes, weight gain, weight loss (e.g., wasting), obesity, hypo- and hyper-thyroidism, 

menopause, immuno-tolerance, auto-immunity, aging, and/or cardiovascular disease. In particular, 
the present disclosure provides methods for identifying compounds that can be used to treat, detect, 
analyze, ameliorate, reverse, and/or prevent changes m lipid-linked diseases, disorders or conditions. 
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such as diabetes, weight gain, weight loss (eg., wasting), obesity, hypo- and hyper-thyroidism, 
menopause, immuno-tolerance, auto-immunity, aging, and/or cardiovascular disease. The 
compounds of interest can be tested by exposing a cell, system, or subject to the test compounds 
(alone or in combination), then examining the effect(s) that the compounds have on one or more fatty 
5 acid or lipid metabolites, or metabolite fingerprint. If a compound affects one or more fatty acid or 
lipid metabolites, for instance by increasing or decreasmg that metabolite, or by increasing or 
decreasing a set of metabolites (such as a set that is indicative of a pathway fingerprint or other linked 
profile), the compound is then further evaluated for its ability to influence one or more lipid-related 
or lipid-influenced conditions. Specifically, provided herein are lipid metabolites that are linked to de 
10 novo fatty acid synthesis, which include palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, 
oleic acid, all n7 fatty acids, all n9 fatty acids, or a combination of two or more thereof. 

Similarly, the systems described herein for screening for a compound can be used to screen 
for a non-compound influence, such as a dietary change, lifestyle change, nutritional treatment or 
intervention. 

15 One provided aspect involves a screening method to identify a compound (or other 

influence) effective for treating, detecting, preventing, reversing, analyzing, or ameliorating diabetes, 
weight gain, weight loss (e.g., wasting), obesity, hypo- and hyper-thyroidism, menopause, immuno- 
tolerance, auto-immunity, aging, and/or cardiovascular disease, which method mcludes ascertaining 
the compound's effects on one or more lipid metabolites (for instance, on the quantity of such 

20 metabolites, such as palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, all n? fatty 
acids, all n9 fatty acids, all unsaturated fatty acids, or a combination of two or more thereof), or a 
ratio of lipid metabolites (for instance, pabnitoleic acid to palmitic acid, stearic acid to palmitic acid, 
total n7 fatty acids to total saturated fatty acids, total n7 fatty acids to total n9 fatty acids, or oleic acid 
to stearic acid, or myristoleic to myristate (14:ln5 to 14:0), measured either as fi-ee fatty acids or 

25 components of other lipids, in a system (such as a cell, organ, organism, or subject) contacted with 
the compound. In some embodiments, the screening method further includes determining whether 
the compound exhibits toxicity toward a cell in cell culture. 

By screening compounds in this fashion, potentially beneficial and improved compounds or 
other influences for treating, detecting, analyzing, ameliorating, reversing, and/or preventing changes 

30 in lipid-related or lipid-influenced diseases, disorders, or conditions can be identified more rapidly 
and with greater precision than possible in the past. 

VII. Use of Identified Compounds to Treat, Detect, Analyze, Ameliorate, Reverse, and/or 
Prevent Changes in Lipid-Linked Disease, Disorder or Condition 

35 

With the provision herein of methods for identifymg compounds that influence the one or 
more lipid metabolites in a system, and by such alterations of lipid metabolites influence or signal a 
change in a lipid-linked disease, disorder or condition, the benefits of using the identified compoimd 
to cure, detect, analyze, ameliorate, prevent, or treat diseases, disorders, and conditions that involve 
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(directly or indirectly) lipid metabolism, and more particularly de novo fatty acid synthesis, are now 
made clear. Such diseases, disorders, and conditions include, but are not limited to, diabetes, weight 
gam, weight loss (e.g., wasting), obesity, hypo- and hyper-thyroidism, menopause, immuno- 
tolerance, auto-immunity, aging, and cardiovascular disease. 

5 

The invention is illustrated by the following non-limiting Examples of certain specific 
embodiments. 

EXAMPLES 

10 

Example 1: Palmitoleic Acid as a Marker for Endogenous Fatty Acid Biosynthesis, and 
Accompanying Phenotypes 

This example provides specific methods that have been used to examine tissues taken from 
15 mice treated with either rosiglitazone (trial 1), a thiazolidinedione, or CL3 16,243 (trial 2), a p-3 
adrenergic agonist. It is understood that the described methods can be used to analyze lipid 
metabolites fi-om other subjects, including particularly animals other than mice. 

Methods: 

20 Samples 

Mouse tissue and plasma samples were a generous donation to Lipomics Technologies, Inc., 
from Dr. Edward Leiter of the Jackson Laboratory (Bar Harbor, ME). Samples included the plasma, 
heart, liver and inguinal adipose of mice treated with pharmaceuticals or then* corresponding controls. 

In trial 1, prediabetic male Fl mice (fi'om a cross of the obese NZO and lean NON mouse 
25 strains) were fed a control diet with or without the presence of the PFARs-y agonist rosiglitazone for 
4 weeks (at 0.2 g rosiglitazone per kg body weight). 

In trial 2, male, inbred NON mice were fed a control with or without the presence of the P-3 
adrenergic agonist CL316,243 for four weeks (at 0.001% CL316,243 by weight in the dietary chow). 

In both studies, five treated and five control mice were used. Following the treatments and 
30 the killing of the mice, tissues and plasma were taken, chilled to -80 °C and shipped to the analysis . 
laboratory at Lipomics Technologies in a frozen state. 

Tissue Processing and Extraction 

Tissue processing and lipid extraction, including provision of internal standards, was canried 
35 out essentially as described m Watkins et al (J. Lipid Res, Papers in Press^ 10.1 184/jlf.M200 169- 
JLF200, published August 16, 2002), and in co-owned international application PCT/US02/21426, 
entitled "GENERATING, VIEWING, INTERPRETING, AND UTILIZING A QUANTITATIVE 
DATABASE OF METABOLITES," botii of which are incorporated in their entirety herein by 
reference. 
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Separation of Lipid and Phospholipid Classes 

The following description provides representative methods for separation of lipid and 
phospholipid classes. One of ordiiiary skill in the art will understand that modifications can be made 
5 to these methods. 

The separation of lipid classes was performed in some instance by preparative thin-layer 
chromatography (TLC). To remove any residual metal or other damaging contaminants on the TLC 
plates, each plate was washed prior to use. Washing the plates is a three-step process that involves 
impregnating each plate with ethylenediamine tetraacetic acid (EDTA) and rinsing the plates once 

10 with methanol and once with chloroform. Each plate is first impregnated with 1 mM EDTA, pH 5.5, 
by ascending development using the method of Ruiz {J. Lipid Res, 38, 1482-1489, 1997). After each 
plate was completely developed, it was dried in air overnight. Once dry, each plate was developed in 
methanol, dried, and developed in chloroform in the same direction as the development with EDTA. 
The washed plates were then dried in air. Just prior to use, each plate was activated by heating to 1 1 0 

15 for 10 minutes. 

To prepare the TLC chamber for chromatography, Whatman (Clifton, NJ) filter paper was 
cut into 20 X 80-cm strips and wrapped around the inside wall of a 30 x 60 x 10-cm glass 
development chamber. One hundred milliliters of the appropriate mobile phase was added to the 
chamber, and the chambers were sealed and allowed to equilibrate. Chambers were considered 

20 equilibrated when the solvent front had completely ascended the filter paper. The mobile phase 
employed for the separation of phospholipid classes (lyso-phospholipids, sphingomyelm, 
phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine and cardiolipin) was a 
modification of the solvent system described by Holub and Skeaf C'Nutritional regulation of cellular 
phosphatidylinositol," in Methods in Emymology, ed. Conn, P. M. (Academic Press, Inc., Orlando), 

25 pp. 234-243, 1987) consisting of chloroform/methanol/acetic acid/water (100:67:7:4, by volume). 

For the separation of neutral lipid classes (free fatty acids, free sterols, triacylglycerides and 
cholesterol esters), a solvent system consisting of petroleum ether/diethyl ether/acetic acid (80:20:1, 
by volume) was used (Mangold, Thin Layer Chromatography- A Laboratory Handbook (Springer- 
Verlag, New York), 1969). 

30 After the TLC plate was activated, the sample extracts were spotted onto the activated plate. 

As a general rule, samples were spotted at an estimated concentration such that no single lipid class 
was present at more than 25 per centimeter of plate width following chromatography. This 
ensured that the plate was not overloaded and minimized the risk of cross-contamination between 
lipid classes (cross-contamination is readily identified during sample analysis as each lipid class 

35 contains unique internal standards). 

Lipid class separations were performed on TLC plates with a 10-cm separation length, while 
PL class separations were performed on TLC plates with a 20-cm separation length. Because lipid 
visualization reagents invariably degrade certain analytes, most notably the polyunsaturated fatty 



wo 03/028271 



PCT/US02/30348 



-28- 

acids, the identification of individual lipid classes was performed by comparison with authentic lipid 
standards chromatographed in reference lanes. Each reference lane was spotted with a mixture of 
authentic lipid standards (obtained from Avanti Polar Lipids, Alabaster, AL), and when the amount of 
sample is not limiting, the sample extract was also spotted onto the reference lanes. Once the TLC 
5 plates were spotted and the tanks were equilibrated, the plates were transferred into the tank 

containing the appropriate mobile phase, and the sample was chromatographed until the mobile phase 
ascended to 1-cm below the top of the plate. 

Once the TLC plate was developed, the reference lipids were visualized by cutting the 
reference lanes from the plate, dipping the reference lanes in 10% cupric sulfate/8% phosphoric acid 

10 and charring the reference lanes at 300 °C. The charred reference lanes were used to identify the 

location of lipid classes on the analytical plate. Each sample was scraped from the plate using a clean 
razor blade and the silica scrapings were placed in a 2-mL glass vial for derivitization. Great care 
was taken to develop this process so that it meets the following criteria: 

(1) reference standards co-migrate with sample analytes with great accuracy; 

15 (2) chromatographic separation between the lipid classes is maximized to avoid any 

cross-contamination problems; and 

(3) the portion of the plate containing analytes is not exposed to environmental stresses such 
as air, light or any reagent that would cause the degradation of specific analytes. 

The silica scrapings containing the free sterol fraction were exposed to a fluid extractant 

20 consisting of one milliliter of chloroform:methanol (2: 1 vol: vol). The mixture was mixed vigorously 
and allowed to sit for 15 minutes, then 0.3 mL of 0.01 M potassium chloride was added, and the 
solution once again mixed vigorously. The organic fraction contaming free sterols was separated 
from the polar fraction of the mixture by centrifugation. The extract including free sterols was 
removed from the mixture and completely dried down under a stream of nitrogen. A 20-nL aliquot of 

25 chloroform was used to transfer the reconstituted free sterols to a conical insert in preparation for free 
sterol separation via capillary gas chromatography. No derivitization was necessary to prepare the 
free sterols for gas chromatographic analysis. 

Derivatization and Chromatography 
30 Derivatization and chromatographic analysis were carried out essentially as described m 

Watkins et aL (J, Lipid Res, Papers in Press, 10.1 184/jlf M200169-JLF200, published August 16, 
2002), and in co-owned international application PCT/US02/21426, entitled "GENERATING, 
VIEWING, INTERPRETING, AND UTILIZING A QUANTITATIVE DATABASE OF 
METABOLITES," both of which are incorporated in their entirety herein by reference. 



Integration and Data Handling 

Following chromatography, each chromatogram was integrated, for instance using Hewlett- 
Packard (Wilmington, DE) ChemStation'^'^ software. At the beginning of each batch of samples, a 
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10 



standard mixture was run, containing a known concentration of each of the fatty acids listed in Table 
4. Each fatty acid in its methyl ester form is present m this standard mixture. The quantitative 
standard was used to set a calibration table that automatically corrected the areas associated with each 
fatty acid methyl ester from the samples for injection discrimination and injector non-linearity. 

After chromatogram integration, the chromatogram from each sample was visually checked 
to ensure proper mtegration, and the data was sent electronically to an Excel 2000 (Microsoft 
Corporation, Redmond, WA) spreadsheet. This spreadsheet contains sample identification 
information, quality control algorithms and algorithms required to convert the raw chromatogram 
data to mass or concentration data. 



Table 4: 



SCIENTIFIC NAME 


SaENTIFlCABBR. 


COMMON NAME 


-SATURATED- 



Tetradecanoic Acid 
Pentadecanoic Acid 
Hexadecanoic Acid 
Heptadecanoic Acid 
Octadecanoic Acid 
Eicosanoic Acid 
Docosanoic Acid 
Tetracosanoic Acid 



14:0 Myristic Acid 
15:0 

16:0 Palmitic Acid 

17:0 MargaricAcid 

18:0 Stearic Acid 

20:0 Arachidic Acid 

22:0 Behenic Acid 

24:0 Lignoceric Acid 



. D 9 D ESATURASE FAMILY ■ 



9-Tetradecenoic Acid 
9-Hexadecenoic Acid 
1 1-Octadecenoic Acid 
9-Octadecenoic Acid 
1 1-Eicosenoic Acid 
5,8,1 l-Eicosatrienoic Acid 
13-Docosenoic Acid 
15-Tetracosenoic Acid 



14: 1 n5 Myristoleic Acid 

16: ln7 Pabnitoleic Acid 

18:ln7 Vaccenic Acid 

18:ln9 Oleic Acid 

20: ln9 Eicosenoic Acid 

20:3n9 Mead Acid 

22:ln9 ErucicAcid 

24: ln9 Nervonic Acid 



- OMEGA 3 FAMILY 



9,12,15-Octadecatrienoic Acid 1 8:3n3 

6,9,12,15-Octadecatetraenoic Acid 1 8:4n3 

1 1,14,17-Eicosatrienoic Acid 20:3n3 

8,11,14,17-Eicosictetraenoic Acid 20:4n3 

5,8,1 1,1 4,1 7-Eicosapentaenoic Acid 20:5n3 

7,10,13,16,19-Docosapentaenoic Acid 22:5n3 

4,7,10,13,16,19-Docosahexaenoic Acid 22:6n3 

6,9,12,1 5, 1 8,21-Tetracoshexaenoic Acid 24:6n3 



a-Linolenic Acid 

Eicosatrienoic Acid (ETA) 

Eicosapentaenoic Acid (EPA) 
Docosapentaenoic Acid (DP A) 
Docos^exaenoic Acid (DHA) 
Tetracosahexaenoic Acid 



. OMEGA 3 FAMILY - 



9, 12, 1 5-Octadecatrienoic Acid 1 8:3n3 

6,9, 12, 1 5-Octadecatetraenoic Acid 1 8:4n3 

1 1,14,17-Eicosatrienoic Acid 20:3n3 

8,1 1,14,17-Eicosictetraenoic Acid 20:4n3 

5,8,1 1,1 4,1 7-Eicosapentaenoic Acid 20:5n3 

7,10,13,16,19-Docosapentaenoic Acid 22:5n3 

4,7,10,13,16,19-Docosahexaenoic Acid 22:6n3 

6.9,12,15,18,21-Tetracoshexaenoic Acid 24:6n3 



a-Linolenic Acid 

Eicosatrienoic Acid (ETA) 

Eicosapentaenoic Acid (EPA) 
Docosapentaenoic Acid (DPA) 
Docosahexaenoic Acid (DHA) 
Tetracosahexaenoic Acid 
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- OMI 


SGA 6 FAMILY - 


9,12-Octadecadienoic Acid 


18:2n6 


Linoleic Acid 


6,9,12-Octadecatrienoic Acid 


18:3n6 


g-Linolenic Acid 


1 1,14-Eicosadienoic Acid 


20:2n6 


Eicosadienoic Acid 


8,1 1,14-Eicosatrienoic Acid 


20:3n6 


Homo-g-Linolenic Acid 


5,8,1 1,1 4-Eicosicatetraenoic Acid 


20:4n6 


Arachidonic Acid 


13,16-Docsadienoic Acid 


22:2n6 


Docosadienoic Acid 


7,10,13,1 6-Docosicate traenoic Acid 


22:4n6 


Docosicatetraenoic Acid 


4,7,10,13,1 6-Docosapentaenoic Acid 


22:5n6 


Docosapentaenoic Acid 


- UNUSUAL FAMES - 


9-Trans-Hexadecenoic Acid 


tl6:ln7 


Palmitelaidic Acid 


9-Trans-Octadecenoic Acid 


tl8:ln9 


Elaidic Acid 


8-Eicosaenoic Acid 


20:lnl2 




5-Eicosaenoic Acid 


20:lnl5 




Plasmologen fatty acids 


16:0 




M 


18:0 




ft 


18:ln7 




II 


18:ln9 






STEROLS. 




5b-cholestan-3b-ol 


C27H48O 


coprostanol 


5a-choIestan-3b-ol 


C27H48O 


dihydrocholesterol 


5-cholesten-3b-ol 


C27H46O 


cholesterol 


5 ,24-cholestadien-3b-ol 


C27H44O 


desmosterol 


5-cholestan-25a-methyl-3b-ol 


C28H42O 


campesterol 


5-cholestan-24b-methyl-3b-ol 


C28H42O 


dihydrobrassicasterol 


5-cholesten-24b-ethyl-3b-ol 


C29H50O 


b-sitosterol 


5,22-cholestadien-24b-ethyl-3b-ol 


C29H48O 


stigmasterol 



Methods of integration, data processing, and data analysis used were essentially as described 
previously, for instance in co-owned international application PCTAJS02/21426, entitled 
"GENERATING, VIEWING, INTERPRETING, AND UTILIZING A QUANTITATIVE 
5 DATABASE OF METABOLITES," which is incorporated in its entirety herein by reference. 

Mean, standard deviation and Student's t-test statistics were calculated for each test group. 
These calculations were used to compare the effects of treatment on lipid metabolite concentrations. 

Visualization 

10 The results of the experiment were displayed in both table form (see, e.g., Tables 5-8) and 

with computer-based visual output systems. Representative example computer based visual output 
systems are described in co-owned provisional patent application 60/303,704, entitled "PROVISION 
OF A COMPREHENSIVE PANEL OF LIPID METABOLITES," which us incorporated in its 
entirety herein by reference. 
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Results: 

Tables 5 and 6 show the concentrations of lipid metabolites present in adipose, plasma, 
heart, and liver tissues in mice treated with rosiglitazone and their controls. Tables 7 and 8 show the 

5 concentrations of lipid metabolites present in adipose, plasma, heart and liver tissues in mice treated 
with CL316,i243 and their controls. In Tables 5 and 7, the data are expressed as nanomoles per gram 
of tissue or plasma. In tables 6 and 8, the data are expressed as a percentage of total fatty acids 
within each lipid class. Figures 2 and 3 show the body (FIGS 2a and 3a) and adipose tissue (FIGS 2b 
and 3b) weight gain associated with rosiglitazone and CL3 16,243 treatments, respectively. 

10 It is clear tliat the rosiglitazone induced a substantial increase in palmitoleic acid 

concentrations in most lipid classes in heart, liver, adipose, and plasma (Table 5). Additionally, the 
vaccenic and.myristic acid concentrations in these lipid classes were typically increased. 
Corresponding to the increased palmitoleic acid, and thus increased de novo fatty acid synthesis, was 
a significant increase in total body (FIG 2a) and adipose tissue (FIG 2b) weight with rosiglitazone 

15 treatment. Importantly, even though total cholesterol esters and phosphatidylcholine were decreased 
fi*om the plasma of rosiglitazone-treated mice, the concentration of palmitoleic acid in cholesterol 
ester and phosphatidylcholine increased both quantitatively (Table 5) and in relational terms (Table 
6). This indicates that plasma palmitoleic acid is a useful marker of tissue de novo fatty acid 
synthesis mdependent of triacylglyceride synthesis. Additionally, the concentration of palmitoleic 

20 acid in plasma free fatty acids was reflective of an increased concentration of palmitoleic acid within 
adipose triacylglycerides. The concentration of plasma palmitoleic acid within cholesterol esters, 
triacylglycerides and phospholipids therefore serves as a plasma diagnostic for hepatic de novo fatty 
acid synthesis and overall weight gain. The concentration of plasma palmitoleic acid within free fatty 
acids therefore serves as a plasma diagnostic for adipose de novo fatty acid synthesis, adipose mass 

25 accumulation, and weight gain. Additionally, plasma and tissue palmitoleic acid concentrations may 
be used as a marker or as part of a profile of markers identifying the actions or activity of PPARy 
agonists including thiazolidinediones. In each of these applications, vaccenic acid (18:ln7), oleic 
acid (18:ln9), pahnitic acid (16:0) and myristic acid (14:0) also proved to be valuable, but slightly 
less consistent markers. 

30 The mole percentage data supports these findings, as the palmitoleic, vaccenic, palmitic, 

myristic and oleic acids were increased with rosiglitazone treatment relative to other fatty acids in 
each lipid class in heart, liver and plasma (Table 6). This indicates an increased contribution of these 
fatty acids to the global lipid metabolite pool. Thus, the mole percentage data was capable of 
determining the increased de novo fatty acid synthesis and predicting weight gain in 

35 rosiglitazone-treated mice. 

Data supporting the application of these markers to humans comes from clinical studies that 
find that patients taking rosiglitazone gain weight (Fuchtenbebuscb et al, Exp. Clin. Endocrinol, 
Diabetes 108:151-163,2000). 
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Treatment of mice with CL3 16,243 induced a substantial decrease in palmitoleic acid 
concentrations in most lipid classes in heart, liver, adipose and plasma (Table 7 and Table 8). 
Additionally, the vaccenic acid concentrations in these lipid classes were typically decreased. 
Corresponding to the decreased palmitoleic acid, and thus decreased de novo fatty acid synthesis was 

5 a significant decrease in mouse body (FIG 3a) and adipose (FIG 3b) tissue weight with CL3 16,243 
treatment. In mice treated with CL3 16,243, the decreased lipid concentrations in plasma were 
partially the result of decreased lipid synthesis in tissues, which can be observed in Table 7. This 
indicates again that plasma palmitoleic acid is a useful marker of tissue de novo fatty acid synthesis. 
The concentration of plasma palmitoleic acid within cholesterol esters, triacylglycerides, and 

10 phospholipids therefore serves as a plasma diagnostic for hepatic de novo fatty acid synthesis and 
overall weight gain. The concentration of plasma palmitoleic acid within free fatty acids therefore 
serves as a plasma diagnostic for adipose de novo fatty acid synthesis, adipose mass accumulation, 
and weight gain. Additionally, plasma and tissue palmitoleic acid concentrations may be used as a 
marker or as part of a profile of markers identifying the actions or activity of p3-adrenergic agonists 

15 including CL3 16,243. 

Example 2: Identification of Therapeutic Compounds 

The linkage of specific lipid metabolites to de novo fatty acid synthesis and related 
conditions as disclosed herein can be used to identify compounds that are usefijl in treating, reducing, 

20 or preventing such conditions, including for instance diabetes, weight gain, weight loss (e.g., 

wasting), obesity, hypo- and hyper-thyroidism, menopause, immuno-tolerance, auto-immunity, aging, 
and/or cardiovascular disease. These marker molecules can be used alone or in combination, for 
instance in sets of two or more that are linked to a particular condition, for instance in a condition- 
related profile or fingerprint. Specific provided marker molecules include the following lipid 

25 metabolites, assessed either as free fatty acids or as components of a lipid class (as discussed 

throughout): palmitoleic acid (16:ln7), vaccenic acid (18:ln7), pabnitic acid (16:0), stearic acid 
(18:0), oleic acid (18:ln9), all n7 fatty acids, all n9 fatty acids, all saturated fatty acids, or a 
combination of two or more thereof, and including ratios between specific molecules or molecule 
categories as provided herein (such as palmitoleic to palmitic, n7 to saturated, n7 to n9, and oleic to 

30 stearic). In particular examples, these lipid metabolites are measured from liver, plasma, adipose, 

heart, or other biological samples, and are specifically measured in one or more of the following lipid 
classes: triacylglycerides, free fatty acids, cholesterol esters, or diacylglycerides. 

By way of example, a test compound is applied to a cell, for instance a test cell, and at least 
one de novo fatty acid synthesis marker level in the cell is measured and compared to the equivalent 

35 measurement from a test cell (or from the same cell prior to application of the test compound). If 
application of the compound alters the level of marker molecule (for instance by mcreasing or 
decreasing that level), or changes an entire de novo fatty acid synthesis profile to be more like a 
profile that is mdicative of a condition, then that compound is selected as a likely candidate for 
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farther characterization. In particular examples, a test agent that opposes or inhibits a de novo fatty 
acid synthesis-related change is selected for further study, for example by exposing the agent to a cell 
in vitro, or to an animal such as an animal model, to determine whether de novo fatty acid synthesis is 
inhibited, and/or whether weight gain is prevented or reversed. Such identified compounds may be 

5 useful in treating, reducing, or preventing weight gain or development or progression of obesity or 
another related, weight-gain attendant condition. 

Methods for identifying such compounds optionally can include the generation of^de novo 
fatty acid synthesis-related lipid metabolomic profile, as described herein. Example control profiles 
useful for comparison in such methods may be constructed from normal biological samples such as 

10 those taken from a cell not contacted with the test agent, or an animal not subjected to the condition 
or intervention being tested. 

Examples: Profiles (Fingerprints) 

With the provision herein of specific molecules the levels of which, or proportional levels of 

1 5 which, are linked to de novo fatty acid synthesis, profiles that provide information on the de novo 
fatty acid synthesis-state of a subject are now enabled. 

De novo fatty acid synthesis-related profiles comprise the distinct and identifiable pattern of 
(or level) of sets of lipid metabolites, for instance a pattern of high and low levels of a defined set of 
fatty acids and/or fatty acids in particular lipid classes. The set of molecules in a particular profile 

20 will usually mclude at least one of the following: palmitoleic acid, vaccenic acid, palmitic acid, 
stearic acid, oleic acid, all n7 fatty acids, all n9 fatty acids, or all saturated fetty acids. Particular 
profiles include ratios between specific metabolites or metabolite categories as provided herein (such 
as pahnitoleic to pahnitic, n? to saturated, n? to n9, and oleic to stearic). In particular examples, the 
lipid metabolites included m a profile are measured fi-om liver, plasma, adipose, heart, or other 

25 biological samples, and are specifically measured in one or more of the following lipid classes: 
triacylglycerides, free fatty acids, cholesterol esters, or diacylgiycerides. 

Specific profiles may be for a particular disease (e.g., diabetes, obesity, cardiovascular 
disease, and so forth), a specific condition (e.g., menopause), treatment regimen (e.g., treatment with 
a known drug or agent, toxin exposure, and so forth), growth or disease progression (e.g., increase in 

30 weight, decrease in weight, wasting, etc), or other categories. Thus, representative profiles that are 
linked to de novo fatty acid synthesis can be established for a biological sample taken from a lean 
individual (/.e., normal as regards weight), and a biological taken from an overweight or obese 
individual, or paired subjects one of which is taking a certain drug or other therapeutic intervention, 
and so forth. Each of these profiles includes information on the level of at least one, but usually two 

35 or more, lipid metabolites that are linked to de novo fatty acid synthesis (e.g., positively, such that the 
lipid metabolite level is high in those samples where de novo fatty acid synthesis is high, or 
negatively, such that the lipid metabolite level is low in those samples where the de novo fatty acid 
synthesis is high). Information provided in a profile can include relative as well as absolute levels of 
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specific metabolites. Results from the de novo fatty acid synthesis profiles of an individual are often 
viewed in the context of a test sample compared to a baseline or control sample profile, or in 
comparison to a database of profiles fi-ora other individuals of the same or different species. 

The levels of lipid metabolites that make up a profile can be measured in any of various 

5 known ways, which may be specific for the type of molecule being measured, including specific 
methods provided herein. Many ways to collect quantitative or relational data on lipid metabolites 
are known to those of ordinary skill in the art, and the analytical methodology does not affect the 
utility of metabolite concentrations in predicting phenotype or assessing metabolism. One method 
described herein for generating quantitative and mole percentage data on fatty acids in lipid classes 

10 uivolves gas chromatography coupled with flame ionization detection. Other methods for generating 
data on lipid metabolites include but are not limited to high-performance liquid chromatography, 
mass spectrometry, capillary electrophoresis, thm layer chromatography, immunoassay, RNA 
switches, nuclear magnetic resonance, etc. 

Optionally, a subject's de novo fatty acid synthesis profile can be correlated with one or 

1 5 more appropriate treatments, which may be correlated with a control (or set of control) profile(s) for a 
disease or condition linked to or associated with de novo fatty acid synthesis, for instance. 



20 



It will be apparent that the precise details of the methods described may be varied or 
modified without departing from the spirit of the described invention. We claim all such 
modifications and variations that fall within the scope and spirit of the claims below. 
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CLAIMS 

We claim: 

1 . A method of assessing de novo fatty acid synthesis in a cell, an organism or a tissue 
5 of an organism, comprising quantifying a marker of de novo fatty acid synthesis in a biological 

sample from the organism, wherein the marker of de novo fatty acid synthesis comprises palmitoleic 
acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, n7 fatty acids, n9 fatty acids, 
all saturated fatty acids, or a combination of any two or more of these. 

2. The method of claim 1 , wherein the method is a method of assessing de novo fatty 
10 acid synthesis in a cell, and the cell is a cultured cell. 

3. The method of claim 1 , wherem the method is a method of assessing de novo fatty 
acid synthesis in an organism. 

4. The method of claim 1, wherein the method is a method of assessing de novo fatty 
acid synthesis in a tissue of an organism. 

15 5. The method of claim 3, wherein the organism is a research animal, a companion 

animal, or a human. 

6. The method of claim 1 , wherein the biological sample is a blood product. 

7. The method of claim 4, wherein the method is a method of assessing de novo fatty 
acid synthesis in adipose tissue, liver tissue or muscle tissue. 

20 8. • The method of claim 1 wherein the marker of de novo fatty acid synthesis is 

quantified from the free fatty acid fraction of a blood product and the method is a method to assess de 
novo fatty acid synthesis in adipose tissue. 

9. The method of claim 1 wherein the marker of de novo fatty acid synthesis is 
quantified from the phosphatidylcholine, triacylglyceride, or cholesterol ester fraction of a blood 

25 product, and the method is a method to assess de novo fatty acid synthesis in liver tissue. 

10. The method of claim 1, wherein the method is a method to determine if a 
pharmaceutical, nutritional, genetic, toxicological or environmental treatment, regimen or dosage 
influences de novo fatty acid synthesis. 

1 1 . The method of claim 1, wherein the method is a method to assess a therapeutic or 
30 pharmaceutical agent for its potential effectiveness, efficacy or side effects relating to de novo fatty 

acid synthesis. 

12. The method of claim 1, wherein the method is a method to screen individuals for 
compatibility or incompatibility with a pharmaceutical, nutritional, toxicological or environmental 
treatment. 

35 13. The method of claim 1, wherein the method is a method to assess the rate or 

amount ofde novo fatty acid synthesis as a component of a metabolic status of a research animal. 

14. The method of claim 13, wherein the metabolic status of the research animal is a 
normal or baseline metabolic state. 
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ls. The method of claim 1, further comprising comparing the assessment ofde novo 
fetty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 
organism or compiled for a population of organisms. 

16. The method of claim IS, further comprising scoring the organism based on the 
S comparison. 

17. The method of claun 15, wherein the comparison is a comparison between the 
quantity of the marker of de novo fatty acid synthesis. 

18. The method of claim 1, wherein the method is a method of assessing a change in 
the de novo fatty acid synthesis in the organism, and wherein the method comprises taking at least 

10 two biological samples from the organism, wherein the two samples are taken before and after an 
event. 

1 9. The method of claim 1 8, wherein the event comprises passage of time, treatment 
with a therapeutic agent, treatment with a pharmaceutical agent, treatment with a nutritional regimen, 
treatment with a genetic modification, exposure to a toxic or potentially toxic compound, exposure to 

15 an environmental condition, treatment with a laboratory procedure, exercise, or the appearance of a 
phenotypic state. 

20. The method of claim 1 , wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for weight gain or loss of the 
organism, and the method is a method for determining the propensity, risk, or metabolic basis for 

20 weight gain or loss of the organism. 

21. The method of claim 20, further comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

22. The method of claim 20, fiirther comprising correlating the quantity of the marker 
25 ofde novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker of de 

novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

23 . The method of claim 20, which is a method of determining whether a treatment or 
intervention will cause weight gain or loss, further comprising taking at least two biological samples 

30 from the organism, wherein the two samples are taken before and after a nutritional, pharmacological, 
genetic, environmental or toxicological treatment or intervention, and wherein a change in the 
quantity of the marker ofde novo fatty acid synthesis is correlated with a likelihood of weight gain or 
loss. 

24. The method of claim 20, fiirther comprising comparing the assessment of de novo 
35 fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 

organism or compiled for a population of organisms. 

25. The method of claim 24, wherein the comparison comprises a statistical or 
computer-mediated analysis. 
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26. The method of claim 24, further comprismg predicting a propensity of the organism 
for weight gain based on the comparison, 

27. The method of claim 20, wherein the quantity of the marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration, 

5 28, The method of claim 27, wherein correlating the quantity of the marker of de novo 

fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 
fatty acid synthesis. 

29. The method claim 1, comprising quantifying palmitoleic acid in a biological sample 

10 from the organism. 

30. The method of claim 29, wherein the biological sample is a blood product. 

3 1 . The method of claim 30, wherein the pabnitoleic is quantified from the free fatty 
acid fraction of a blood product and the method is a method to assess de novo fatty acid synthesis in 
adipose tissue. 

15 32. The method claim 1 , comprising quantifying palmitoleic acid and pahnitic acid in a 

biological sample from the organism. 

33. The method of claim 32, further comprising generating a ratio indicator of cfe novo 
fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of palmitoleic acid to the 
quantity of pahnitic acid. 

20 34. The method claim 1 , comprising quantifying stearic acid and palmitic acid in a 

biological sample from the organism. 

35. The method of claim 34, further comprismg generating a ratio indicator ofde novo 
fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of stearic acid to the 
quantity of palmitic acid. 

25 36. The method claim 1 , comprising quantifying total n7 fatty acids and total saturated 

fatty acids in a biological sample from the organism. 

37. The method of claim 36, further comprising generating a ratio indicator ofde novo 

fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of total n7 fatty acids to the 

quantity of total saturated fatty acids. 
30 3 8. The method claim 1 , comprising quantifying total n7 fatty acids and total n9 fatty 

acids in a biological sample from the organism. 

39. The method of claim 38, further comprising generating a ratio indicator ofde novo 

fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of total n7 fatty acids to the 

quantity of total n9 fatty acids. 
3 5 40. An in silico method for assessing a condition related to de novo fatty acid synthesis, 

comprising assessing data in a database, wherein the data in the database includes a quantity of at 

least one marker of de novo fatty acid synthesis from a biological sample from a plurality of 

individuals, and correlating the quantity of the at least one marker ofde novo fatty acid synthesis 
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from the biological sample with de novo fatty acid synthesis, wherein the marker ofde novo fatty acid 
synthesis is pataiitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, or a 
combination of any two or more thereof. 

41. The method of claim 40, wherein assessing data in the database comprises mining, 
5 parsing, selecting, identifying, sorting, or fihering the data. 

42. The method of claim 40, wherein the method is a method of assessing weight gain 
or growth or the potential for weight gain or growth, further comprising correlating the de novo fatty 
acid synthesis with weight gain or growth or the potential for weight gain or growth. 

43 . The method of claim 40, wherein the quantity of the marker of de novo fatty acid 
10 synthesis is reported as an absolute or relative concentration. 

44. The method of claim 43, wherein correlating the quantity of the marker of flfe novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 
fatty acid synthesis. 

15 45. The method of claim 43, wherein correlating the quantity of the marker ofde novo 

fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 
fetty acid synthesis in a mathematical or statistical equation for determining a propensity for a future 
body weight, a cause of current body weight, or a change in body weight. 

46. The method of claim 43, wherein correlating the quantity of the marker of de novo 
20 fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 

fatty acid synthesis in a mathematical or statistical equation for determining a propensity for a change 
in body composition, a propensity for a change in total body fat, a change in body composition, or a 
change in total body fat. 

47. The method of claim 43, wherein correlating the quantity of the marker ofde novo 
25 fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 

fatty acid synthesis in a mathematical or statistical equation for determining a propensity for growth 
or a cause of growth. 

48. The method of claim 40, wherein assessing data in the database comprises 
assessing a concentration or relative concentration of a lipid metabolite other than palmitoleic acid, 

30 vaccenic acid, palmitic acid, stearic acid, oleic acid or myristic acid. 

49. The method of claim 40, wherein assessmg data in the database comprises using 
palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, or a combination 
of two or more thereof as part of a clustering algorithm, discrimination algorithm, difference test, 
correlation, regression algorithm or other statistical modeling algorithm. 

35 50. A method for detennining a propensity, risk, or metabolic basis for growth or 

wasting of a subject, comprising quantifying a marker of de novo fatty acid synthesis m a biological 
sample of the subject, wherein the marker ofde novo fatty acid syntliesis is pabnitoleic acid, vaccenic 
acid, pahnitic acid, stearic acid, oleic acid or myristic acid, or a combination of two or more thereof. 
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51. The method of claim 50, further comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

52. The method of claim 50, fiirther comprising correlating the quantity of the marker 
5 of de novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker of de 

novo fetty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product, 

53. The method of claim 50, which is a method of determining whether a treatment will 
cause growth or wasting, fiirther comprising taking at least two biological samples fi-om the 

10 organism, wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
marker ofde novo fatty acid synthesis is conelated with a likelihood of growth or wasting. 

54. The method of claim 50, fiirther comprising comparing the assessment of de novo 
fatty acid synthesis fi-om the organism to an assessment of de novo fatty acid synthesis from another 

15 organism or compiled for a population of organisms. 

55. The method of claim 54, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

56. The method of claim 54, fiirther comprising predicting a propensity of the organism 
for growth or wasting based on the comparison. 

20 57. The method of claim 50, wherein the quantity of the marker of de novo fatty acid 

synthesis is reported as an absolute or relative concentration. 

58. The method of claim 57, wherein correlating the quantity of the marker of de novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 

25 fatty acid synthesis. 

59. A method of determinmg whether or to what extent a condition influences de novo 

fatty acid synthesis, comprising: 

subjecting a subject to the condition; 

taking a biological sample from the subject; 
30 analyzing the biological sample to produce a test lipomic profile for the subject, which 

profile comprises a total quantity of at least one marker for de novo fatty acid biosynthesis; 

comparing the test lipomic profile for the subject with a control lipomic profile, which 
profile comprises a total quantity of the at least one marker for de novo fatty acid biosynthesis; and 

drawing conclusions about whether or to what extent the condition influences de novo fatty 
35 acid synthesis based on differences or similarities between the test lipomic profile and the control 
lipomic profile, 

wherein markers for de novo fatty acid synthesis mclude pabnitpleic acid, vaccenic acid, palmitic 
acid, stearic acid, oleic acid, myristic acid, and combinations of two or more thereof. 
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60. The method of clahn 59, wherein the condition is a genotype. 

61. The method of claim 60, wherein the genotype comprises a genetic knockout. 

62. The method of claim 59, wherein the condition comprises a dietary limitation or 
supplementation. 

5 63. The method of claim 59, wherein the condition comprises a disease or disease state. 

64. The method of claim 59, wherein the condition comprises application of a toxin or 
suspected toxin. 

65. The method of claim 59, wherein the condition comprises application of a 
pharmaceutical or therapeutic agent or candidate agent. 

10 66. The method of claim 59, wherein the condition comprises an increase in exercise, a 

decrease in exercise, or a change in an exercise regimen of the subject. 

67. The method of claim 59, wherein the control lipomic profile is a compiled lipomic 
profile assembled fi-om a plurality of individual lipomic profiles. 

68. The method of claim 59, wherein the control lipomic profile is a pre-condition 
1 5 lipomic profile fi-om the subject. 

69. A method of determining drug or treatment effectiveness or side effects, 

comprising 

applying a drug or treatment to a subject or a cell fi"om the subject; 

taking a biological sample fi-om the subject or the cell fi-om the subject; 
20 analyzing the biological sample to produce a test lipomic profile for the subject, which 

profile comprises a total quantity of at least one marker for de novo fatty acid synthesis; 

comparing the test lipomic profile for the subject with a control lipomic profile, which 
profile comprises a total quantity of the at least one marker for de novo fatty acid synthesis; and 

drawing conclusions about the effectiveness or side effects of the drug or treatment based on 
25 differences or similarities between the test lipomic profile and the control lipomic profile, 

wherein markers for de novo fatty acid synthesis include palmitoleic acid, vaccenic acid, palmitic 
acid, stearic acid, oleic acid, myristic acid, and combinations of two or more thereof 

70. The method of claim 69, wherein the drug or treatment is a homione or honnone 
treatment. 

30 71. The method of claim 69, wherein the drug or treatment relates to controlling 

obesity or diabetes. 

72. The method of claim 69, wherein the drug or treatment relates to controlling 
cardiovascular disease. 

73 . The method of claim 69, wherein the drug or treatment relates to modifying lipid 
35 metabolism. 

74. The method of claim 69, wherein the treatment is a nutritional intervention. 

75. The method of claim 69, wherein the treatment is an exercise program. 
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76. The method of claim 69, wherein the control lipomic profile is a pre-condition 
lipomic profile fi'om the subject. 

77. A method of determining whether or to what extent a condition influences de novo 
fatty acid synthesis, comprising 

5 subjecting a subject to the condition; 

taking a biological sample from the subject; 

analyzing the biological sample to produce a test lipomic profile for the subject, which 
profile comprises a total quantity of palmitoleic acid; 

comparing the test lipomic profile for the subject with a control lipomic profile, which 
10 profile comprises a total quantity of palmitoleic acid; and 

drawing conclusions about whether or to what extent the condition influences de novo fatty 
acid synthesis based on differences or similarities between the test lipomic profile and the control 
lipomic profile. 

78. A method of determining drug or treatment effectiveness or side effects, 
15 comprising: 

applying a drug or treatment to a subject; 
taking a biological sample from the subject; 

analyzing the biological sample to produce a test lipomic profile for the subject, which 
profile comprises a total quantity of palmitoleic acid; 
20 comparing the test lipomic profile for the subject with a control lipomic profile, which 

profile comprises a total quantity of palmitoleic acid; and 

drawing conclusions about the effectiveness or side effects of the drug or treatment based on 
differences or similarities between the test lipomic profile and the control lipomic profile. 

79. The method of claim 1, wherein the quantity of the marker of de novo fatty acid 
25 synthesis is correlated to a propensity, risk, or metabolic basis for diabetes of the organism, and the 

method is a method for determining the propensity, risk, or metabolic basis for diabetes of the 
organism. 

80. The method of claim 79, further comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 

30 novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

8 1 . The method of claim 79, further comprising correlating the quantity of the marker 
of fife novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker ofde 
novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

35 82. The method of claim 79, which is a method of determining whether a treatment will 

influence diabetes, further comprising taking at least two biological samples from the organism, 
wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
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marker ofde novo fatty acid synthesis is coixelated with a likelihood of a change in diabetic state of 
the organism. 

83 . The method of claim 79, further comprising comparing the assessment of de novo 
fatty acid synthesis from the organism to an assessment ofde novo fatty acid synthesis from another 

5 organism or compiled for a population of organisms. 

84. The metliod of claim 83, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

85 . The method of claim 83, further comprising predicting a propensity of the organism 

for diabetes based on the comparison. 
10 86. The method of claim 79, wherein the quantity of the marker ofde novo fatty acid 

synthesis is reported as an absolute or relative concentration. 

87. The method of claim 86, wherein correlating the quantity of the marker ofde novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount of ^fe novo 

15 fatty acid synthesis. 

88. The method of claim 1, wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for obesity of the organism, and the 
method is a method for determining the propensity, risk, or metabolic basis for obesity of the 
organism. 

20 89. The method of claim 88, further comprising correlating the quantity of the marker 

ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

90. The method of claim 88, further comprising correlating the quantity of the marker 
ofde novo fetty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker of cfe 

25 novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

9 1 . The method of claim 88, which is a method of determining whether a treatment will 
cause obesity, further comprising taking at least two biological samples from the organism, wherein 
the two samples are taken before and after a nutritional, pharmacological, genetic, environmental or 

30 toxicological intervention treatment, and wherein a change in the quantity of the marker ofde novo 
fatty acid synthesis is correlated with a likelihood of obesity. 

92. The method of claim 88, further comprising comparing the assessment ofde novo 
fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 
organism or compiled for a population of organisms. 

35 93. The method of claim 92, wherein the comparison comprises a statistical or 

computer-mediated analysis. 

94. The method of claim 92, further comprising predicting a propensity of the organism 
for obesity based on the comparison. 
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95. The method of claim 88, wherein the quantity of the marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration. 

96. The method of claun 95, wherein conelating the quantity of the marker of de novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker oide novo 

5 fatty acid synthesis in a mathematical or statistical equation for determining the amount of de novo 
fatty acid synthesis. 

97. The method of claim 1 , wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for cardiovascular disease of the 
organism, and the method is a method for determining the propensity, risk, or metabolic basis for 

10 cardiovascular disease of the organism. 

98. The method of claim 97, further comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

99. The method of claim 97, further comprising correlating the quantity of the marker 
15 ofde novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker ofde 

novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

1 00. The method of claim 97, which is a method of determining whether a treatment will 
influence cardiovascular disease, further comprising taking at least two biological samples from the 

20 organism, wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
marker ofde novo fetty acid synthesis is correlated with a likelihood of influencing cardiovascular 
disease. 

101 . The method of claim 97, further comprising comparing the assessment ofde novo 
25 fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 

organism or compiled for a population of organisms. 

102. The method of claim 101, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

1 03 . The method of claim 101, further comprising predicting a propensity of the 
30 organism for cardiovascular disease based on the comparison. 

104. The method of claim 97, wherein the quantity of the marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration. 

105. The method of claim 1 04, wherein correlating the quantity of the marker of rfe novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 

35 fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 
fatty acid synthesis. 

106. The method of claim 1, wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for hormonal dysregulation of the 
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organism, and the method is a method for determining the propensity, risk, or metabolic basis for 
hormonal dysregulation of the organism. 

107. The method of claim 106, further comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 

5 novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

1 08. The method of claim 1 06, further comprising correlating the quantity of the marker 
of cfe novo fatty acid synthesis with de noVo fatty acid synthesis in the liver, wherein the marker ofde 
novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

10 1 09. The method of claim 1 06, which is a method of determining whether a treatment 

will cause hormonal dysregulation, further comprising taking at least two biological samples from the 
organism, wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
marker ofde novo fatty acid synthesis is correlated with a likelihood of hormonal dysregulation. 

15 110. The method of claim 1 06, further comprising comparing the assessment of de novo 

fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 
organism or compiled for a population of organisms. 

111. The method of claim 1 10, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

20 1 12. The method of claim 1 1 0, fiirther comprising predicting a propensity of the 

organism for weight gain based on the comparison. 

113. The method of claim 106, wherein the quantity of the marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration. 

1 14. The method of claim 1 13, wherein correlating the quantity of the marker of de novo 
25 fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 

fatty acid synthesis in a mathematical or statistical equation for determining the amount of cfe novo 
fatty acid synthesis. 

115. The method of claim 1 , wherein the biological sample is a liver sample, a plasma 
sample, an adipose sample, or a heart sample. 

30 1 16. The method of claim 1, wherein the marker of de novo fatty acid synthesis is 

measured in a specific lipid category. 

1 17. The method of claim 1 16, wherein the lipid category is triacylglycerides, 
cholesterol esters, or free fatty acids. 

118. The method of claim 1 , wherein the method is a method of assessing an activity of 
35 at least one enzyme involved in de novo fatty acid, further comprising correlating the quantity of the 

marker with the activity of the at least one enzyme. 

1 19. The method of any one of claims 1 through 1 18, further comprising generating a 
printed report. 
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FIGURE 3a 
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METHODS OF USING QUANTITATIVE LIPID METABOLOME DATA 

CROSS-REFERENCE TO RELATED CASES 

This claims the benefit of U.S. Provisional Applications 60/324,728 (filed September 24, 
5 2001) and 60/352,129 (filed January 25, 2002), both of which are incorporated herein by reference in 
their entirety. 

FIELD OF THE DISCLOSURE 

This disclosure relates to the collection of quantitative and compositional data on lipid 
10 metabolites, their analysis and linkage of individual metabolites or sets of metabolites or ratios of 
metabolites to conditions, diseases, and treatments, relating to or influencing weight change, 
particularly weight gain. 

BACKGROUND OF THE DISCLOSURE 

1 5 Genomics has fundamentally transformed biological research and is providing astonishing 

insight into the molecular basis for disease. By determining the genetic sequence of each individual, 
it will soon be possible to understand the basis for many human diseases at the level of DNA, the 
blueprint of biology. Genomics can therefore transform medicine from a science based on patient 
categories into one in which each individual is assessed based on their genetic composition. 

20 Although the potential for genomics to eliminate human disease was anticipated, it is now 

understood that genomics has many limitations. With few exceptions, diseases are not the simple 
consequences of genes. Instead, disease almost invariably results from a complex interplay between 
genes, the environment, and nutrition. Exempting a few overtly genetic diseases, genes can at best 
predict only the potential for a specific disease outcome. Further, the usefulness of genomic 

25 strategies in treating disease is limited. 

The bioinformatic analysis of proteins, or the proteome, is widely considered the key 
correlate to the genome for moving bioinformatic knowledge into clinical and commercial practice. 
Knowing that proteins carry out the actions of biology, the medical and biotechnology industries are 
relying on the commercial value of the proteome. The vision is to develop diagnostic tests that detect 

30 and measure thousands of proteins in human samples simultaneously, providing information on the 
presence or risk for specific disease defects. Proteomics will undeniably advance individual health 
care. However, at present, there are no rapid, quantitative technologies for assembling information 
about the proteome, much less technologies for bringing the power of proteomics to the individual or 
even to a doctor's office, 

35 Further complicating the matter, it is estimated that there are possibly 20-times more actual 

proteins than genes, for instance due to alternative splicing of messages and post-translational protein 
modifications, and that each regulatory protein could have many potential forms of activation. 
Gaining a true and comprehensive understanding of protein composition as it relates to health is still a 
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long way from being technically feasible. Once these technologies are reliable and cost effective, 
they still must be able to demonstrate that the presence or concentration of a protein actually causes a 
change in the concentration of metabolites or indicates the presence (or absence) of a phenotype. 

What is needed is a system for identifying hallmark profiles of metabolism that are capable 
5 of integrating and interpreting the influence of genes, nutrition, environment, pharmaceuticals, and 
toxins on phenotype. Despite optimism from biotechnology that genes and proteins will provide this 
capability, the truth is that genes, gene expression, and protein concentrations provide data only on 
the potential for a metabolic or phenotypic effect. Ultimately, it is the concentrations of the 
metabolites themselves that define phenotype and that exactly reflect the complete metabolic actions 

10 of a cell or organism. Until now, no system existed for generating and analyzing such information. 

Obesity is a major public health problem affecting nearly a quarter of the adults in the 
United States, or over 39.8 million people in the U.S. alone; over half of the adult population is 
overweight (NIDDK statistics available from the National Institutes of Health, 2000). According to 
the Wealth Health Organization, the number of obese people worldwide has increased from 200 

IS million in 1995 to 300 million in 2000, including 1 15 million in developing countries. Overweight 
and obesity are related to more than $99.2 billion per year in related health care costs in the United 
States alone (direct and indirect costs, Wolf & Colditz, Obes Res. 6:97-106, 1998), There are few 
existing therapies capable of modulating weight gain in a safe and efficacious manner. Developing 
safe therapeutic interventions to prevent obesity will provide a substantial benefit to society. 

20 However, weight gain or loss is usually a slow phenotype to develop in response to intervention, and 
metabolic profiles capable of predicting weight gain in response to interventions, such as therapeutic, 
nutritional, environmental and genetic intervention, will be highly useful for assessing the effects of 
these interventions and in developing new forms of intervention. 

25 SUMMARY OF THE DISCLOSURE 

The current disclosure details methods for screening metabolomic data to identify and 
interpret individual metabolomic profiles as indicative of metabolic status, including particularly 
weight gain or loss, obesity, and de novo fatty acid synthesis. In various embodiments, this 
assessment can be used as a means, among other things, to carry out the following: 

30 (1 ) diagnose disease or health; 

(2) assess the metabolic response to a treatment, disease, or condition; 

(3) identify the underlying metabolic cause(s) of a phenotype; 

(4) predict phenotype based on metabolic profile; 

(5) deduce genes, hormones, or other biological factors responsible for producing a 
35 metabolic profile; 

(6) deduce metabolic targets of dietary components, toxins, pharmaceuticals, environmental 
or other conditions on the basis of a changed metabolomic profile; and 
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(7) assess the relative activity of one or more metabolic enzymes between an individual or 
group of individuals and another individual or group of individuals. 

This disclosure deals specifically with using a quantitative assessment of lipid metabolites, 
including using quantitative assessments for the purposes listed above, fn particular embodiments, 
5 provided herein are methods of using quantitative lipid metabolomic data (expressed in absolute or 
relative terms, or in terms of specific ratios between metabolites) to analyze, detect, and predict de 
novo fatty acid synthesis. This is enabled by the identification of lipid metabolites that serve as de 
novo fatty acid synthesis markers. These markers include palmitic acid (16:0), palmitoleic acid 
(16:In7), oleic acid (18:ln9), vaccenic acid (18:ln7) and combinations of two or more of these 

10 compounds. In particular embodiments, palmitoleic acid is used alone or in combination with other 
metabolites to provide information about de novo fatty acid synthesis in a system or subject. Specific 
ratios that are correlated with de novo fatty acid synthesis include ratios between palmitoleic and 
palmitic acids (16:ln7 to 16:0), between stearic and palmitic acids (18:0 to 16:0), between oleic 
(18:ln9) and stearic (18:0), between total n7 desaturated fatty acids and total saturated fatty acids, 

15 and between total n7 desaturated fatty acids and total n9 desaturated fatty acids in any particular lipid 
class. 

Also provided in various described embodiments are methods of assessing de novo fatty acid 
synthesis in an organism or a tissue (e.g., adipose, liver or muscle tissue) of the organism; methods to 
detemine if a pharmaceutical, nutritional, genetic, toxicological or environmental treatment, regimen 

20 or dosage influences de novo fatty acid synthesis, and/or weight gain or loss; methods to assess a 

therapeutic or pharmaceutical agent for its potential effectiveness, efficacy or side effects relating to 
de novo fatty acid synthesis, and/or weight gain or loss; methods to screen individuals for 
compatibility or incompatibility with a pharmaceutical, nutritional, toxicological or environmental 
treatment; methods to assess the rate or amount of de novo fatty acid synthesis as a component of a 

25 metabolic status of a research animal; methods of assessing a change in the de novo fatty acid 

synthesis in the organism; and methods of determining whether a treatment or other intervention will 
cause weight gain or loss in an organism. Also provided are similar methods relating to specific 
disease conditions, including for instance diabetes, hypo- and hyper-thyroidism, menopause, 
immuno-tolerance, auto-immunity, chronic inflammation, hormonal dysregulation, and/or 

30 cardiovascular disease. 

Further provided methods are in silico diagnostic methods, including methods for 
determining an effect related to de novo fatty acid synthesis; methods of assessing weight gain or 
growth or the potential for weight gain or growth; methods of determining whether a treatment will 
cause growth or wasting; methods of determining whether or to what extent a condition influences de 

35 novo fatty acid synthesis; and methods of determining drug or treatment effectiveness or side effects. 
In any of the provided methods, a comparison of or analysis of data can involve a statistical 
or computer-mediated analysis. Also, any of the provided methods can optionally further involve 
generating a printed report. 
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The foregoing and other features and advantages will become more apparent from the 
following detailed description of several embodiments, which proceeds with reference to the 
accompanying figures. 

5 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 provides a schematic overview of de novo fatty acid anabolism in animals. The 
fatty acids depicted here are those that can be synthesized de novo from acetyl-CoA via the activities 
of fatty acid synthase, along with various desaturases and elongases. Lines represent enzyme actions 
including fatty acid synthase (FAS), elongation (elongase), and delta-9 (A9), delta-5 (A5) and delta-6 
10 (A6) desaturases. 

Figure 2 is a pair of bar graphs showing the body (FIG 2a) and adipose (FIG 2b) weights of 
mice treated with rosiglitazone (hatched bars), and corresponding controls (solid bars). 

Figure 3 is a pair of bar graphs showing the body (FIG 3a) and adipose (FIG 3b) weights of 
mice treated with CL3 16,243 (hatched bars), and corresponding controls(solid bars). 

15 

DETAILED DESCRIPTION 

!• Abbreviations 

CE: cholesterol ester 

CL: cardiolipin 

20 DAG: diacylglycerides 

FAME: fatty acid methyl ester 

FFA: free fatty acid 

LMP: lipid metabolite profile 

L Y : lyso-phosphatidylcholine 

25 ' MAG; monoacylglycerides 

PC: phosphatidylcholine 

PE: phosphatidylethanolamine 

PI: phosphatidylinositol 

PS: phosphatidylserine 

30 PS/I : phosphatidylinositol / phosphatidylserine 

SP: sphingomyelin 

TAG : triacy Iglycerol 

II. Explanations of SpeciOc Terms 

35 Unless otherwise noted, technical terms are used according to conventional usage. 

Definitions of common terms in molecular biology may be found in Benjamin Lewin, Genes K, 
published by Oxford University Press, 1994 (ISBN 0-19-854287-9); Kendrew et ai (eds.). The 
Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1 994 (ISBN 0-632-02 1 82- 
9); and Robert A. Meyers (ed,), Molecular Biology and Biotechnology: a Comprehensive Desk 

40 Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8). 

In order to facilitate review of the various embodiments of the invention, the following 
explanations of specific terms are provided: 
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Biological Sample: Any biological material, such as a cell, a collection of cells (e.g., 
cultured cells), a tissue sample, a biopsy, or an organism. Biological samples also include blood and 
blood products (eg., plasma) and other biological fluids (e.g., tears, sweat, saliva and related fluids, 
urine, tears, mucous, semen, and so forth). Tissue samples can be from any organ or tissue in the 
5 body, include heart, liver, muscle, adipose, brain, lung, testes, and brain. 

Biological samples may be from individual subjects (e.g., animals, such as humans, mice, 
rats, guinea pigs, monkeys, cats, dogs, pigs, horses, cows, fruit flies, or worms) and/or archival 
repositories. The samples may be acquired directly from the individuals, from clinicians (for 
instance, who have acquired the sample from the individual), or directly from archival repositories. 
10 De novo fatty acid synthesis: The biochemical processes of producing fatty acids from 

substrate(s) within an organism. These processes stand in contrast to the accumulation of fatty acids 
within an organism that takes place following the consumption of foods containing fatty acids. 

For the purpose of this disclosure, de novo fatty acid synthesis does not refer to 
modifications to dietary fatty acids that are performed endogenously by a subject. As used herein, de 
15 novo fatty acid synthesis refers to the process of creating fatty acids from acetyl-CoA substrate. This 
process can uhimately yield a variety of fatty acid structures. A non-limiting list of fany acids that 
can be produced de novo include: palmitic acid, myristic acid, stearic acid, palmitoleic acid, oleic 
acid, vaccenic acid and nervonic acid, and combinations of two or more of these compounds. 

The primary enzymes involved in de novo fatty acid synthesis include fatty acid synthase, 
20 acetyl-CoA carboxylase, stearoyl-CoA desaturase (A9-desaturase) and elongase. The biosynthesis of 
fatty acids is largely similar among plants and animals. Both are capable of producing fatty acids de 
novo from acetyl CoA via the concerted action of acetyl CoA carboxylase and fatty acid synthase. 
The first step in the de novo synthesis of fatty acids involves the production of malonyl CoA from 
acetyl CoA, a reaction catalyzed by acetyl CoA carboxylase. Acetyl CoA carboxylase carries out two 
25 partial reactions, each catalyzed at distinct sites, which first carboxylate the reaction cofactor biotin 
and second, transfer the carboxyl group to acetyl CoA. 

In animals, acetyl CoA carboxylase is found in the cytosol and appears to be regulated by a 
number of factors including long chain acyl CoA, providing sensitivity to both de novo production of 
acyl chains and diet. The second general step in the production of fatty acids is activation of both 
30 malonyl CoA and the primary unit of condensation, acetyl CoA, The activated malonyl complex then 
enters a cycle of elongation catalyzed by the soluble enzyme complex, fatty acid synthase. Fatty acid 
synthase lengthens the acyl chain by two carbons per cycle of activity, using acetyl CoA as the 
condensing unit. This series of reactions generally culminates in the production of palmitic acid. The 
cycle is terminated when thioesterase hydrolyzes the growing acyl chain and releases a fatty acyl 
35 CoA. Upon removal from the fatty acid synthase complex, fatty acids can be further modified by 
elongases or the stearoyl-CoA desaturase to produce other forms ofde novo synthesized fatty acids. 

Informatics: A global term used to describe the statistical or mathematical analysis of a 
large collection of data. This data is usually produced by modem, "high throughput" scientific 
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techniques. Such "high-throughput" techniques include genon)ic analyses and proteomic analyses, as 
well as metabolomic analyses. Informatics is also a term used to describe the field of study focused 
on developing statistical and mathematical techniques for analyzing the large biological datasets. 
Informatics stands in contrast to standard "reductionist" research, wherein investigators design the 
5 experimental system to aid in the interpretation of the results. Informatics focuses on obtaining and 
analyzing large amounts of accurate data that are often from uncontrolled populations or 
experimental models. Informatic analyses generally test hypotheses in silico rather than at the 
laboratory bench. This method of investigation is suited to genomics, where sequences from 
disparate sources are integrated easily into one database because the genetic code is essentially 

10 universal. Because metabolomic data is influenced by the environment, and can be different 
depending on the time and conditions under which the sample is taken, a metabolomic database 
involves providing for considerably more complexity than is seen in a genomic database. 

In siiico research: Literally referring to "in computer" systems, in silico research involves 
methods to test biological models, drugs and other interventions using computer models rather than 

1 S laboratory (in vitro) and animal (//i vivo) experiments. In silico methods can involve analyzing an 
existing database, for instance a database that includes one or more records that include quantitative 
analysis of a metabolite (e.g., a lipid metabolite). Analysis of such databases may include mining, 
parsing, selecting, identifying, sorting, or filtering of the data in the database. Data in the database 
can also be subjected to one or more computational analyses, such as statistical conversions. The 

20 data may be subjected to a clustering algorithm, discrimination algorithm, difference test, correlation, 
regression algorithm or other statistical modeling algorithm. 

Using in silico research, drug targets can be identified and validated, candidate drugs can be 
selected, tested, and prioritized, and experimental strategies can be assessed. In silico systems 
complement laboratory-based research, yet increase productivity and efficiency by minimizing the 

25 need for in vitro and in vivo laboratory experiments. 

In certain embodiments provided herein, in silico diagnostic systems are used. In particular, 
this disclosure provides in silico diagnostic methods for assessing a condition related to de novo fatty 
acid synthesis. Such methods involve assessing data in a database, such as a lipomic database. The 
data in the database usually includes a quantity of at least one marker ofde novo fatty acid synthesis 

30 from a biological sample from one or more individuals. The quantity of at least one marker of de 
novo fatty acid synthesis from the biological sample is correlated with de novo fatty acid synthesis. 
In specific examples of these methods, markers of de novo fatty acid synthesis are palmitoleic acid, 
vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, or a combination of any two or 
more thereof. 

35 Lipid: As used herein, the term lipid refers to a class of water-insoluble, or partially water 

insoluble, oily or greasy organic substances, that are extractable from cells and tissues by nonpolar 
solvents, such as chloroform or ether. The most abundant kinds of lipids are the fats or 
triacylglycerols, which are major fuels for most organisms. Another class of lipids is the polar lipids, 



wo 2003/028271 



PCT/US2002/030348 



-7- 



which are major components of cell membranes. The following table (Table I) provides one way of 
grouping major types of lipids; these have been grouped according to their chemical structure: 



Table I: 



Lipid type 


Representative examples or sub-groups 


Triacylglycerols 




Waxes 




Phosphoglycerides 


phosphatidylethanotamine 


phosphatidylcholine 


phosphatidylserine 


phosphatidyl inositol 


cardiolipin 


Sphingolipids 


sphingomyelin 


cerebrosides 


gangliosides 


Sterols and their fatty 
acid esters 


(see Table 3) 



Lipid metabolites may also be broken down into other recognized classes, such as those shown in 
Table 2: 



Table 2 



SCIENTIFIC NAME 


ABBREVIATION 


Lyso-Phosphatidylcholine 


LY 


Sphingomyelin 


SP 


Phosphatidylcholine 


PC 


Phosphatidylserine 


PS 


Phosphatidylinositol 


PI 


Phosphatidylethanolamine 


PE 


Phosphatidylglycerol 


PC 


Cardiolipin 


CL 


Free Fatty Acids 


FFA 


Monoacylglycerides 


MAG 


Diacylglycerides 


DAG 


Triacylglycerides 


TAG 


Cholesterol Esters 


CE 



10 

Also included in the term lipid are the compounds collectively known as sterols. Table 3 shows 
representative sterols. 
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Table 3: 



SCIENTIFIC NAME 


MOLECULAR 
FORMULA 


COMMON NAME 


5b-cholestan-3b-ol 


C27H48O 


coprostanol 


5a-cholestan-3b-ol 


C27H48O 


dihydrocholesterol 


5-cholesten-3b-ol 


C27H46O 


cholesterol 


5,24-cholestadien-3b-oI 


C27H44O 


desmosterol 


5-cholestan-25a-methyl-3b-ol 


C28H42O 


campesterol 


5-cholestan-24b-methyl-3b-ol 


C28H42O 


dihydrobrassicasterol 


5-cholesten-24b-ethyl-3b-ol 


C29H50O 


b-sitosterol 


5,22-cholestadien-24b-ethyl-3b-ol 


C29H48O 


stigmasterol 



Metabolite: A biomolecule that has a functional and/or compositional role (such as a 
component of a membrane) in a biological system, and which is not a molecule of DNA, RNA, or 
5 protein. Examples of metabolites include lipids, carbohydrates, vitamins, co-factors, pigments, and 
so forth. Metabolites can be obtained through the diet (consumed from the environment) or 
synthesized within an organism. Proteins exist in large part to break down, modify, and synthesize 
metabolites. Metabolites are not only directly responsible for health and disease, but their presence in 
a biological system is the result of a variety of factors including genes, the environment, and direct 
10 nutrition. By profiling the metabolite composition of a biological sample, for instance using the 
methods described herein, data on genotype, metabolism, and diet can be obtained in great detail. 
This data can be linked to clinical information and used to identify the true biochemical basis for 
health and disease. 

Lipids are perhaps the most important subset of metabolites, because dietary lipids and lipid 

1 5 metabolism are clearly linked to the incidence and progression of several major degenerative 
diseases, including heart disease, diabetes, obesity, auto-immunity, and chronic inflammation. 
Moreover, because lipids are the only major nutrients that survive digestion intact, highly accurate 
information on individual nutrition can be gained from a lipid metabolite profile. Thus, a lipid 
metabolomic approach provides information encompassing the entire spectrum of factors that 

20 influence disease. 

Each fatty acid may be found as a component of any lipid class, and in such combination is a 
different metabolite than it is on its own (free) or as a component in any other lipid class. Thus, 
palmitoleic acid in cholesterol esters is a distinct metabolite from palmitoleic acid in 
triacylglycerides, and so on. By way of example, if a system is used in which lipids are categorized 

25 into thirteen classes (as shown in Table 2), and there an analysis determines the concentration of 38 
fatty acids in each class, then 13x38, or 494 specific metabolite concentrations may be determined. 

Metabolomics: Analysis of metabolite concentrations in a biological sample in a 
comprehensive fashion. There are several levels of metabolomics - these can be differentiated for 
instance based on the scope of the individual metabolite profile, where scope refers to the number or 

30 type of metabolites measured in the individual analysis. Thus, lipid metabolomics is the study or 
analysis of a set of individual lipid metabolites. Carbohydrate metabolomics is the study or analysis 
of a set of individual carbohydrate metabolites. The set of data produced from analysis of an 
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individual sample is referred to herein as an individual lipid metabolite/metabolic profile ('lipomic 
profile") of that sample. Certain examples of lipid metabolite profiles include a highly 
comprehensive set of metabolite measurements (a profile) by multi-parallel analyses. 

The comparison of two metabolite profiles of similar scope (i.e., containing information 
5 about the same or a similar or overlapping set or subset of metabolites) from cells/tissues/subjects 
that have been differently treated, or that are genetically different or different based on disease state 
or condition, provides information on the metabolic effects of the difference. 

A metabolome is a data set that includes concentrations of metabolites in a biological system 
(e.g., a cell, tissue, biological fluid, or whole subject) under specific conditions; a multidimensional 

10 metabolome includes such data from like samples over a variety of conditions {e.g., time points, 
treatment points, different drug or other treatments, and so forth). 

Quantitative metabolomic data as discussed herein include molar quantitative data, mass 
quantitative data, and relational data by either moles or mass (mole % or weight %, respectively) for 
individual metabolites, or subsets of metabolites. Quantitative aspects of metabolomic samples may 

1 5 be provided and/or improved by including one or more quantitative internal standards during the 
analysis, for instance one standard for each lipid class (in a lipomic profile). Internal standards 
described herein enable true quantification of each fatty acid from each lipid class, whereas 
traditional lipid analysis methods produce data in either a percent-of-total format or as a mixed 
population of lipid metabolites. Provided internal standards are designed to reflect any loss of fatty 

20 acid due to oxidation, discrimination, or cross-contamination. 

Ratios of lipid metabolites may also be used to reflect or assess changes in lipid metabolism. 
These ratios require only relational data when lipid metabolites contained in the numerator and the 
denominator are all taken from the same lipid class. However if lipid metabolite ratios are calculated 
from metabolites not present in the same lipid class, the data used to calculate the ratio should be 

25 quantitative. 

Truly quantitative data can be integrated from multiple sources (whether it is work from 
different labs, samples from different subjects, or merely samples processed on different days) into a 
single seamless database, regardless of the number of metabolites measured in each discrete, 
individual analysis. 

30 Metabolite fingerprint (or linked profile): A distinct or identifiable pattern of metabolite 

levels, or ratios of such levels, for instance a pattern of high and low metabolites of a defined set. A 
representative "set" is a biogenerative pathway; a non-inclusive list of other sets includes 
biodegenerative pathways, disease sets (linked to a specific disease), fitness sets (linked to a level or 
type of fitness of the subject), and so forth. In specific embodiments, the metabolite levels in the 

35 fingerprint are absolute metabolite concentrations. Metabolite fingerprints (also referred to as linked 
profiles, e.g., a disease-linked profile or toxin-linked profile) can be linked to a tissue or cell type, to 
a particular stage of normal tissue growth or disease progression, to a dietary limitation or 
supplementation, or to any other distinct or identifiable condition that influences metabolite levels 
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(e.g., concentrations) in a predictable or associatable way. Metabolite fingerprints can include 
relative as well as absolute levels of specific metabolites, but absolute levels (e.g., concentrations) are 
preferred in many embodiments. Specific examples of metabolite fingerprints are lipid metabolite 
fingerprints. 

5 Nutritional treatment or intervention: The terms nutritional intervention or treatment 

include any process of providing a specific food, fluid {e.g., beverage) or supplement to an subject. 
This process can be intentional, as takes place in a nutritional trial, or it can be assessed retroactively 
by questioning the subject or by otherwise determining the nutritional status of a subject. A 
"nutritional component" is any molecule or plurality of molecules consumed by a subject through the 
10 diet. 

Pharmaceutical/therapeutic agent: Any agent, such as a protein, peptide hormone 
peptide), other organic molecule or inorganic molecule or compound, or combination thereof, that has 
one or more effects on a biological system, such as a desired therapeutic or prophylactic effect when 
properly administered to a subject. 
' 5 Subject: Living muhi-cellular vertebrate organisms, a category that includes both human 

and non-human mammals. 

Unless otherwise explained, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention belongs. 

20 The singular terms "a," "an," and "the" include plurals unless context clearly indicates otherwise. It 
is further to be understood that all base sizes or amino acid sizes, and all molecular weight or 
molecular mass values, given for nucleic acids or polypeptides are approximate, and are provided for 
description. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, suitable methods and materials are described 

25 below. All publications, patent applications, patents, and other references mentioned herein are 
incorporated by reference in their entirety. In case of conflict, the present specification, including 
explanations of terms, will control. In addition, the materials, methods, and examples are illustrative 
only and not intended to be limiting. 

30 IIL Overview of Several Embodiments 

Bioinformatic strategies that embrace the study of metabolites have potential for (1) 
identifying hallmarks of individual metabolism. (2) identifying the metabolic hallmarks of disease, 
and (3) determining the complex and integrative effects of metabolism, genes, nutrition, and 
environment on health. Further, metabolomics will enable researchers, clinicians, and even 

35 individuals to monitor the individual metabolic response of a person or research animal to a 

treatment. This approach has the potential to allow individuals to assess how a specific intervention, 
such as change in diet or application of pharmaceutical agent, affects their metabolism. 
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This disclosure provides in certain embodiments methods of assessing de novo fatty acid 
synthesis in an organism or a tissue of the organism, for instance a research animal or human. In 
some embodiments, such methods involve quantifying a marker ofde novo fatty acid synthesis in a 
biological sample from the organism, wherein the marker of cfe novo fatty acid synthesis includes 
5 palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, or a combination 
of any two or more thereof. In specific examples of provided methods, a ratio of two metabolites is 
used. These markers are useful when they are quantified as free fatty acids or as part of other lipid 
molecules, for instance glycerol ipids, such as triacylglycerides, cholesterol esters, and so forth. 

In various embodiments, the biological sample is a fluid or tissue sample, or a cell or extract 

10 prepared from a cell, cell culture, or cell preparation. Contemplated fluid samples include blood and 
blood products (e.g., plasma) and other biological fluids (eg., tears, sweat, saliva and related fluids, 
urine, tears, mucous, semen, and so forth). Contemplated tissue samples may be any tissue sample 
taken from a subject, including heart, liver, adipose, brain, and muscle tissue. It is specifically 
contemplated that in vitro cultured cells can be used, for instance immortalized cells taken from a 

15 subject. 

Certain disclosed embodiments are methods of assessing de novo fatty acid synthesis in 
adipose tissue, liver tissue or muscle tissue. In some such specific embodiments, the method is a 
method to assess de novo fatty acid synthesis in adipose tissue, and a marker ofde novo fatty acid 
synthesis is quantified from the free fatty acid fraction of a blood product. In other specific 
20 embodiments, the method is a method to assess de novo fatty acid synthesis in liver tissue, and a 

marker ofde novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or 
cholesterol ester fraction of a blood product. 

Also provided are methods to determine if a pharmaceutical, developmental, nutritional, 
genetic, toxicological or environmental treatment, regimen or dosage influences de novo fatty acid 
25 synthesis, which methods involve quantifying a marker ofde novo fatty acid synthesis in a biological 
sample from the organism. 

Further embodiments are methods to assess or identify a therapeutic or pharmaceutical agent 
for its potential effectiveness, efficacy or side effects relating to de novo fany acid synthesis, which 
methods involve quantifying a marker of de novo fatty acid synthesis in a biological sample from the 
30 organism. 

Also provided are methods to screen individuals for compatibility or incompatibility with a 
pharmaceutical, nutritional, toxicological or environmental treatment, which methods involve 
quantifying a marker ofde novo fatty acid synthesis in a biological sample from the organism. 

Still ftirther embodiments are methods to assess the rate or amount ofde novo fatty acid 
35 synthesis as a component of a metabolic status of an animal, such as a companion or research animal, 
which methods involve quantifying a marker of ^fe novo fatty acid synthesis in a biological sample 
from the organism. In specific examples of such methods, the metabolic status of the research animal 
is a normal or baseline metabolic state. 
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Optionally, in some of the provided embodiments, the methods further involve comparing 
the assessment of de novo fatty acid synthesis from the organism to an assessment of de novo fatty 
acid synthesis from another organism (from the same or a different species) or an assessment 
compiled for a population of organisms (from one or a mixture of species that may be the same or 
5 different from the test organism or subject). Some examples of such methods further involve scoring 
the test or subject organism based on the comparison, for instance to provide a score that is correlated 
to weight gain or loss, growth, or wasting, or a score based on metabolite concentrations, such as a 
percentile rank. In some examples of provided methods, the comparison is a comparison between the 
quantity of one or more markers of de novo fatty acid synthesis. 

10 Also provided herein are methods of assessing a change in the de novo fatty acid synthesis in 

the organism, wherein the methods involve taking at least two biological samples from the organism, 
one of which is taken before and one after an event. In various specific embodiments, the event 
involves passage of time (e.g., minutes, hours, days, weeks, months, or years), treatment with a 
therapeutic agent (or putative or potential therapeutic agent), treatment with a pharmaceutical agent 

15 (or putative or potential pharmaceutical agent), treatment with a nutritional regimen, treatment with a 
genetic modification, exposure to a toxic or potentially toxic compound, exposure to an 
environmental condition, treatment with a laboratory procedure, exercise (e.g., an increase, decrease, 
or change in an exercise regimen), or the appearance of a phenotypic state. 

In certain of the provided methods, the quantity of a marker of de novo fatty acid synthesis is 

20 correlated to a propensity, risk, or metabolic basis for weight gain or loss of the organism, and the 

method is a method for determining the propensity, risk, or metabolic basis for weight gain or loss of 
the organism. Optionally, such methods may ftirther involve correlating the quantity of the marker of 
de novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker of de 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. Other 

25 provided methods involve correlating the quantity of the marker of de novo fatty acid synthesis with 
de novo fatty acid synthesis in the liver, wherein the marker of de novo fatty acid synthesis is 
quantified from the phosphatidylcholine, triacylglyceride, or cholesterol ester fraction of a blood 
product. 

In still other provided methods, the quantity of a marker of de novo fatty acid synthesis is 
30 correlated to a propensity, risk, or metabolic basis for diabetes, obesity, cardiovascular disease, and/or 
hormonal dysregulation of the organism, and the method is a method for determining the propensity, 
risk, or metabolic basis for such. 

In specific provided embodiments, it is a ratio of quantities of metabolites or metabolite 
categories (e.g., all n7 or all n9 or all saturated fatty acids) that is so correlated. 
35 Also provided are methods of determining whether a treatment or other intervention will 

cause weight gain or loss in an organism, which methods involve taking at least two biological 
samples from the organism, wherein the two samples are taken before and after a nutritional, 
pharmacological, genetic, environmental or toxicological intervention treatment, and wherein a 
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change in the quantity of a marker of de novo fatty acid synthesis measured in these samples is 
correlated with a likelihood of weight gain or loss. 

Optionally, the provided methods for examining weight gain or loss in an organism may 
further involve comparing the assessment of de novo fatty acid synthesis from the organism to an 
5 assessment of de novo fatty acid synthesis from another organism or compiled for a population of 
organisms. Specific examples of such methods further involve predicting a propensity of the 
individual organism for weight gain based on the comparison. 

In embodiments of the provided methods, the quantity of a marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration. For instance, methods are provided 

10 wherein correlating the quantity of a marker of de novo fatty acid synthesis involves using the 

absolute or relative concentration of the marker of de novo fatty acid synthesis in a mathematical or 
statistical equation for determining the amount of de novo fatty acid synthesis. In specific examples, 
the marker of de novo fatty acid synthesis is a ratio of the quantity of two individual metabolites, 
which themselves might separately be markers of de novo fatty acid synthesis. 

15 Also provided are in silico diagnostic methods, particularly methods for determining an 

effect related to de novo fatty acid synthesis. In some embodiments, these methods include assessing 
a condition related to de novo fatty acid synthesis, which involves assessing data in a database, 
wherein the data in the database includes a quantity of at least one marker of de novo fatty acid 
synthesis from a biological sample from the individuals. The quantity of the at least one marker ofde 

20 novo fatty acid synthesis from the biological sample is correlated with de novo fatty acid synthesis. 
Alternatively, a ratio of the quantities of two metabolites may be used in such methods. In various 
embodiments, markers of de novo fatty acid synthesis include palmitoleic acid, vaccenic acid, 
palmitic acid, stearic acid, oleic acid, myristic acid, or a combination of any two or more thereof. As 
contemplated herein, assessing data in the database can include mining, parsing, selecting, 

25 identifying, sorting, and/or filtering the data or otherwise subjecting it to an analysis algorithm. 

Certain of the provided in silico diagnostic methods are methods of assessing weight gain or 
growth or the potential for weight gain or growth, which methods involve correlating de novo fatty 
acid synthesis with weight gain or growth or the potential for weight gain or growth. 

In specific examples of the provided in silico diagnostic methods, the quantity of a marker of 

30 de novo fatty acid synthesis is reported as an absolute or relative concentration. Some of these 
methods fiirther involve using the absolute or relative concentration of the marker of tfe novo fatty 
acid synthesis in a mathematical or statistical equation for determining the amount ofde novo fatty 
acid synthesis. In specific examples, the marker ofde novo fatty acid synthesis is a ratio of the 
quantity of two individual metabolites, which themselves might separately be markers ofde novo 

35 fatty acid synthesis. 

Some of the provided methods involve using the absolute or relative concentration of the 
. marker ofde novo fatty acid synthesis in a mathematical or statistical equation for determining a 
propensity for a future body weight, a cause of current body weight, or a change in body weight. 
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In other provided methods, correlating the quantity of the marker of de novo fatty acid 
synthesis involves using the absolute or relative concentration of the marker of de novo fatty acid 
synthesis in an mathematical or statistical equation for determining a propensity for a change in body 
composition, a propensity for a change in total body fat, a change in body composition, or a change in 
5 total body fat. 

In still other of the provided methods, correlating the quantity of the marker of de novo fatty 
acid synthesis involves using the absolute or relative concentration of the marker of de novo fatty acid 
synthesis in an mathematical or statistical equation for determining a propensity for growth or a cause 
of growth. In specific examples, the marker of de novo fatty acid synthesis is a ratio of the quantity 
10 of two individual metabolites, which themselves might separately be markers of de novo fatty acid 
synthesis. 

In some examples of the provided methods, more metabolites are assessed than merely 
markers of de novo fatty acid synthesis. Thus, some of the in silico diagnostic methods specifically 
involve assessing a concentration or relative concentration of a lipid metabolite (or a non-lipid 
15 metabolite) other than palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid or 
myristic acid. 

In certain examples of the provided methods, assessing data in a database involves using 
palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, all n7 fatty acids, all n9 fatty 
acids, all unsaturated fatty acids, or a combination of two or more thereof as part of a clustering 

20 algorithm, discrimination algorithm, difference test, correlation, regression algorithm or other 
statistical modeling algorithm. Such methods can be used for instance to determine or predict an 
effect of a condition on de novo fatty acid synthesis in a subject. 

In still other provided methods, the quantity of a marker of de novo fatty acid synthesis 
(reported in either an absolute or relative concentration, or a ratio thereof) is correlated to a 

25 propensity, risk, or metabolic basis for growth or wasting of a subject. Thus, some of the provided 

methods are methods for determining the propensity, risk, or metabolic basis for growth or wasting of 
a subject, which methods involve quantifying a marker of de novo fatty acid synthesis in a biological 
sample of the subject, wherein the marker of de novo fatty acid synthesis is palmitoleic acid, vaccenic 
acid, palmitic acid, stearic acid, oleic acid or myristic acid, or a combination of two or more thereof 

30 In some of these embodiments the assessment of de novo fatty acid synthesis from the organism is 
compared to an assessment of de novo fatty acid synthesis from another organism or compiled for a 
population of organisms. Specific examples of such methods farther involve predicting a propensity 
of the organism for growth or wasting based on the comparison. 

In specific examples of such methods, the quantity of the marker ofde novo fatty acid 

35 synthesis is further correlated with de novo fatty acid synthesis in adipose, and the marker ofde novo 
fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. In other 
examples, the quantity of the marker of de novo fatty acid synthesis is correlated with de novo fatty 
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acid synthesis in the liver, and the marker of de novo fatty acid synthesis is quantified from the 
phosphatidylcholine, triacylglyceride, or cholesterol ester fraction of a blood product. 

Also provided are methods of determining whether a treatment will cause growth or wasting. 
These methods involve taking at least two biological samples from the organism, wherein the two 
5 samples are taken before and after a nutritional, pharmacological, genetic, environmental or 

toxicological intervention treatment, and wherein a change in the quantity of the marker ofde novo 
fatty acid synthesis is correlated with a likelihood of growth or wasting. 

In still other of the provided methods in which the quantity of a marker ofde novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for growth or wasting of a subject, 
1 0 correlating the quantity of the marker of de novo fatty acid synthesis involves using the absolute or 
relative concentration of the marker of de novo fatty acid synthesis in an mathematical or statistical 
equation for determining the amount ofde novo fatty acid synthesis. 

One specific provided embodiment is a method of determining whether or to what extent a 
condition influences de novo fatty acid synthesis. This method involves subjecting a subject to the 
1 5 condition, taking a biological sample from the subject, analyzing the biological sample to produce a 
test lipomic profile for the subject, which profile comprises a total quantity (in absolute or relative 
terms) of at least one marker for de novo fatty acid biosynthesis, and comparing the test lipomic 
profile for the subject with a control lipomic profile, which profiles comprise a total quantity of the at 
least one marker for de novo fatty acid biosynthesis. From this comparison, conclusions are drawn 
20 about whether or to what extent the condition influences de novo fatty acid synthesis based on 

differences or similarities between the test lipomic profile and the control lipomic profile. Specific 
examples of markers for de novo fatty acid synthesis that are used in this method include palmitoleic 
acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, all n7 fatty acids, all n9 fatty acids, all 
unsaturated fatty acids, and combinations of two or more thereof. As contemplated for this 
25 embodiment, a condition to which the subject is subjected can include but is not limited to a 

genotype, such as a genetic knockout, a dietary limitation or supplementation, a disease or disease 
state, application of a toxin or suspected toxin, application of a pharmaceutical or therapeutic agent or 
candidate agent, an increase in exercise, a decrease in exercise, or a change in an exercise regimen of 
the subject. 

30 In specific examples of such methods, the control lipomic profile is a compiled lipomic 

profile assembled from a plurality of individual lipomic profiles. In other examples, the control 
lipomic profile is a pre-condition lipomic profile from the subject. 

Also provided is a method of determining drug or treatment effectiveness or side effects, 
which method involves applying a drug or treatment to a subject, taking a biological sample from the 

35 subject, and analyzing the biological sample to produce a test lipomic profile for the subject, which 
profile comprises a total quantity of at least one marker for de novo fatty acid synthesis. The test 
lipomic profile for the subject is compared with a control lipomic profile, which profile comprises a 
total quantity of the at least one marker for de novo fatty acid synthesis; and conclusions are drawn 
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aboul the efTectiveness or side effects of the drug or treatment based on differences or similarities 
between the test lipomic profile and the control lipomic profile. Specific examples of markers for de 
novo fatty acid synthesis that are used in this method include palmitoleic acid, vaccenic acid, palmitic 
acid, stearic acid, oleic acid, myristic acid, and combinations of two or more thereof As 
5 contemplated for this embodiment, a drug or treatment that is applied to the subject can include a 
hormone or hormone treatment, a drug or treatment relates to controlling obesity or diabetes, a drug 
or treatment relates to controlling cardiovascular disease, a drug or treatment relates to modifying 
lipid metabolism, a nutritional intervention, or an exercise program. 

Further provided embodiments are methods of assessing fatty acid synthesis, which methods 
10 specifically include quantifying palmitoleic acid in a biological sample (such as a blood product). In 
examples of these methods, the palmitoleic is quantified from the free fatty acid fraction of a blood 
product and the method is a method to assess de novo fatty acid synthesis in adipose tissue. 

Another disclosed method involves quantifying palmitoleic acid and palmitic acid in a 
biological sample from an organism, for instance, within a specific lipid class. Such methods may 
15 further include generating a ratio indicator of de novo fatty acid synthesis, wherein the ratio indicator 
is the ratio of the quantity of palmitoleic acid to the quantity of palmitic acid. 

Yet a further disclosed method involves quantifying stearic acid and palmitic acid in a 
biological sample from an organism, for instance, within a specific lipid class. Such methods in some 
circumstances may further include generating a ratio indicator ofde novo fatty acid synthesis, 
20 wherein the ratio indicator is the ratio of the quantity of stearic acid to the quantity of palmitic acid. 

A still further disclosed method involves quantifying total n7 fatty acids and total saturated 
fatty acids in a biological sample from an organism, for instance, within a specific lipid class. Such 
methods may further include generating a ratio indicator ofde novo fatty acid synthesis, wherein the 
ratio indicator is the ratio of the quantity of total n7 fatty acids to the quantity of total saturated fatty 
25 acids. 

Also provided are methods involving quantifying total n7 fatty acids and total n9 fatty acids 
in a biological sample from an organism, for instance, within a specific lipid class. Such methods 
may further include generating a ratio indicator of de novo fatty acid synthesis, wherein the ratio 
indicator is the ratio of the quantity of total n7 fatty acids to the quantity of total n9 fatty acids. 

30 In any of the provided methods, a comparison of or analysis of data can involve a statistical 

or computer-mediated analysis. 

Any of the provided methods can further involve generating a printed report, for instance a 
report of some or all of the data, of some or all of the conclusions drawn from the data, or of a score 
or comparison between the results from a subject or individual and other individuals or a control or 

35 baseline. 
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IV. Lipomic Assessment of Metabolism, Development and Phenotype 

The massively parallel measurement of gene expression has become a standard approach for 
identifying the genetic and metabolic basis for a biological difference. Essentially, the expression of 
genes as mRNA from two samples or groups of samples are measured and compared to determine 
which genes are more or less expressed in a relative sense between the samples. These data are then 
interpreted as the basis for altered metabolism. This approach has many advantages, the most salient 
being that the expression of every gene can be measured simultaneously and that each gene transcript 
can be linked directly to a metabolic pathway. However, there are several disadvantages to the 
approach as well, namely that increased gene expression does not guarantee a change in the metabolic 
status of a subject. The mere presence of mRNA does not indicate that (1) the mRNA will be 
translated into a protein, (2) that the protein will be activated, or (3) that the protein will be present at 
the appropriate site to catalyze the desired reaction. Additionally, assays that rely on relative or 
comparison data are not intrinsically quantitative, and thus, not easily organized into a seamless and 
minable database. 

By contrast, the highly parallel and quantitative assessment of metabolites allows for the 
creation of an infinitely expandable and minable database. Perhaps even more importantly, where the 
concentrations of metabolites change, it is the unequivocal consequence of altered metabolism. 
Therefore, constructing and mining a metabolomic database will allow the identification of 
metabolite hallmarks of metabolic processes. This database and the resulting knowledge created 

20 from it can be used to develop diagnostics, markers, or profiles of specific metabolic processes. 

Where these processes are linked with phenotype, the metabolomic measurements themselves can be 
used as diagnostics or predictive diagnostics for the phenotype. Once the metabolomic profile of a 
specific metabolic process is known that profile can be used to identify the targets of nutritional 
components, pharmaceuticals, toxins, environmental influences and the ftinctions of genes and 

25 proteins. As an example, a thiadolidinedione drug binds the PPARy receptor and elicits a series of 
metabolic responses. At the level of metabolic control, the binding of the PPARy receptor can induce 
hormone synthesis or secretion, and induce the binding of DNA transcription factors among other 
possible affects. Each of these metabolic control mechanisms can control the concentration, activity, 
or specificity of individual enzymes. These enzymes in turn modulate the concentrations of 

30 metabolites, and it is the metabolites that in turn cause and define phenotype. Thus, by generating 
quantitative data on the metabolome, it is possible to "fingerprint" (profile) the effects of (1) single 
enzymes, (2) metabolic control mechanisms, such as hormones, and (3) treatments or affectors such 
as pharmaceuticals or nutritional components. In addition, the quantitative metabolomic profile 
serves as a marker or diagnostic for the action and efficacy of any treatment that affects lipid 

35 metabolism. 

Ratios of fatty acids or lipid classes can be informative to changes in lipid metabolism. As 
the activity of one or more enzymes change, the ratio of substrate lipid metabolites used to product 
lipid metabolites can indicate the direction of the change. Increases in enzyme activity will be 
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reflected by increases in the ratio of a product to its substrate(s). Likewise, decreases in enzyme 
activity will be reflected by decreases in the ratio of a product to its substrate(s). These ratios can be 
ratios of two lipid metabolites or ratios of complex relationships among metabolites. Further, the 
lipid metabolites do not need to be direct product-substrate metabolites of specific enzymes (or a 
5 specific enzyme), but can be ratios of any two or more metabolites. In this respect, it is important 
that the data used to generate ratios is quantitative, as mole percentage data are not appropriate for 
comparing two lipid metabolites that are present within different lipid classes. 

V. Individual Markers and Profiles 

10 A quantitative assessment of fatty acids allows for the investigation of fatty acid 

concentration in both absolute and relative terms. Only quantitative data will allow for the 
investigation of the molar relationships among all fatty acids, regardless of which lipid class the fatty 
acid is acylated into. Additionally, quantitative data enables the creation of an expandable database 
of lipid metabolites that can be investigated in silico. Quantitative data is also easily converted into 
• 15 relative data (mole percentage, weight percentage, etc.) for investigating fatty acid metabolism within 
an individual lipid class. By converting quantitative data to mole percentage data, for instance, an 
investigator can identify the relative abundance of the fatty acid within the class. This approach can 
make identifying changes in lipid class metabolism easier than investigating the data in quantitative 
terms. Thus, the assessment of de novo fatty acid synthesis by measuring fatty acid composition can 

20 be approached both from quantitative and relational data formats, although it is suggested that the 
data is collected in quantitative terms. 

There are many ways to collect quantitative or relational data on lipid metabolites, and the 
analytical methodology does not affect the utility of metabolite concentrations in predicting 
phenotype or assessing metabolism. One method described herein for generating quantitative and 

25 mole percentage data on fatty acids in lipid classes involves gas chromatography coupled with flame 
ionization detection. Other methods for generating data on lipid metabolites include but are not 
limited to high-performance liquid chromatography, mass spectrometty, capillary electrophoresis, 
thin layer chromatography, immunoassay, RNA switches, nuclear magnetic resonance, etc. The 
specific methodology used to generate the quantitative lipid metabolite date is essentially irrelevant to 

30 this disclosure, which is focused on the use of lipid metabolite data, for instance to identify metabolic 
process or to identify or predict phenotype, including the specific embodiments described herein. 

A. Markers for Endogenous Fatty Acid Biosynthesis and 
Accompanying Phenotypes 

35 

It has been found using the methods disclosed herein that assessment or measurement of the 
absolute or relative concentration of palmitoleic acid (16:ln7) or its immediate elongation product, 
vaccenic acid (18: ln7), in biological samples can be used as a measurement ofde novo fatty acid 
synthesis. Assessment ofde novo fatty acid synthesis by measuring other fatty acids including 
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palmitic acid (16:0), stearic acid (18:0), oleic acid (18:In9), myristoleic acid (14:0), all n7, all n9, or 
all saturated fatty acids, can also be used for the same purposes. Each of these markers, alone or in 
combination with other markers, can be used to analyze and predict phenotypes and manifestations 
linked to de novo fatty acid in much the same way as cholesterol is used as a marker for heart disease. 
5 Similarly, markers or profiles of sets of markers can be correlated to the activity of one or more 
specific enzymes involved in de novo fatty acid synthesis. 

In some embodiments, the lipid class in which these de novo fatty acid synthesis markers are 
found is an indication of the location of the increased or decreased fatty acid synthesis. 

Measurement of these compounds, either from biological samples or in silico from a table or 
10 database, can be, among other things, used for: 

( 1) the assay of the activity of one or more of the enzymes involved in de novo fatty acid 
synthesis; 

(2) the bulk process of de novo fatty acid synthesis itself; 

(3) the measurement of processes in which de novo fatty acid synthesis is a component 
1 5 (either as a direct assay of the process or as a constituent part of a profile to assay this process); 

(4) phenotypes or the propensity to express a phenotype that results from or is related to de 
novo fatty acid synthesis, such as weight gain or loss, growth and hypo- or hyperlipidemia, and 

(5) identification and testing/characterization of compounds or non-compound influences 
(such as exercise, dietary changes, nutritional treatment, and so forth) regarding their ability to 

20 influence (e.g., treat, detect, analyze, ameliorate, reverse, and/or prevent changes in) de novo lipid 
biosynthesis. 

These measurements can serve as assessments of individuals or populations and as 
assessments of the results of an intervention by pharmacological, nutritional, toxicological, 
environmental, or genomic means. Further, these markers and profiles can be used to mine, parse, 
25 sort, filter, or otherwise investigate a database of lipid metabolites. 

Introduction 

Fatty acids found in the tissue and body fluids of animals are present there because of diet or 
the biosynthesis of fatty acids de novo from acetyl-CoA. The accumulation of fatty acids within 

30 lipids is thus a competitive process, where de novo synthesized fatty acids compete for acylation into 
the many of the same lipid pools as diet-derived fatty acids. The distinction between diet- and de 
wovo-synthesized fatty acids is not always clear, for instance oleic acid (I8:ln9) is both a major 
unsaturated fatty acid in the diet and a major unsaturated fatty acid produced de novo. However, 
there are distinctions among fatty acid that allow investigators to assess the relative role of 

35 endogenous lipid synthesis in the total lipid composition of a human or a research animal. As an 
example, humans and other animals can not synthesize linoleic acid, and thus, when it is present in 
tissues or body fluids it is invariably there because linoleic acid is present in the diet. Conversely, the 
fatty acid palmitoleic acid ( 1 6: 1 n7) is not common in the diet, and is a primary product ofde novo 



wo 2003/028271 



PCTAJS2002/030348 



-20- 

fatty acid synthesis, and thus, the presence of palmitoleic acid in tissues or body fluids is the result of 

de novo fatty acid synthesis. 

In animals, de novo fatty acid synthesis occurs predominantly in the liver, skeletal muscle 

and in the abdominal adipose tissue (Semenkovich et ai. Prog, Lipid Res. 36(l):43-53, 1997). The 
5 combined action of a group of enzymes known as fatty acid synthase produce saturated fatty acids by 

subsequent reaction cycles, with each cycle adding an acetate group to the growing acyl chain. 

Thioesterases specific for fatty acid chain length remove the fatty acids from this cyclic synthesis. 

The dominant product ofde novo fatty acid synthesis is palmitic acid (16:0). Other fatty acids 

including stearic acid (1 8:0) and myristic acid (14:0) are also produced by fatty acid synthase but at 
1 0 much lower concentrations. Each of these fatty acids can be desaturated by the stearoyl-CoA 

desaturase to a A9-unsaturated fatty acid. Examples of these fatty acids include palmitoleic acid 

(i6:ln7) and oleic acid (18:ln9). 

All of the fatty acids produced de novo by animals are candidates for markers ofde novo 

fatty acid synthesis; however, the inventor has discovered that a few fatty acids are particularly well 
1 5 suited as biomarkers or components of metabolomic profiles of de novo fatty acid synthesis. Figure 1 

shows the metabolism ofde novo synthesized fatty acids within animals. The major fatty acids 

produced by de novo synthesis are palmitic acid (16:0), stearic acid (18:0), myristic acid (14:0), 

palmitoleic acid (I6:ln7), oleic acid (18: In9) and vaccenic acid (18:In7). all of the major fatty acids 

produced de novo are sattjrated or monounsaturated fatty acids. The only polyunsaturated fatty acid 
20 of significance produced de novo in animals is mead acid (eicosatrienoic acid; 20:3n9). All of the 

above mentioned fatty acids have some value in assessing the activity and regulation ofde novo fatty 

acid synthesis, however, in particular circumstances each of these components also has significant 

drawbacks. 

The sattjrated fatty acid 16:0 is the primary product of fatty acid synthase and would seem at 
25 first glance to be the ideal marker of de novo fatty acid synthesis. However, there are two drawbacks 
to using the measurement of 1 6:0 to assess de novo fatty acid synthesis. The first is that 1 6:0 is a 
major component of the diet, and thus, if the measurement of 16:0 from biological tissues is to be 
used to assess de novo fatty acid synthesis, the diet of the experimental subject must be controlled or 
known. This is also the case for 18:1 n9 and 18:0, which are major dietary fatty acids. The second 
30 drawback is more complicated and it is applicable to each of the saturated fatty acids including 14:0, 
16:0, and 18:0. Although saturated fatty acids are the direct products of fatty acid synthase, they are 
not substantially enriched relative to other fatty acids in biological tissues as a result ofde novo fatty 
acid synthesis. This is because the lipid classes that fatty acids are esterified into are tightly regulated 
with respect to their saturated fatty acid content. As an example, the sn-1 position (the position in 
35 which a fatty acid is inserted by glycerol phosphate acyltransferase, a major enzyme involved in 
glycerolipid biosynthesis) in phospholipids contains more than 80% of its fatty acids as saturated 
fatty acids, while in most phospholipids, there are virtually no saturated fatty acids in the sn-2 
position. The sn-2 position is composed of both mono- and polyunsaturated fatty acids. Thus, since 
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the pool for saturated fatty acids in phospholipids is already predominantly comprised of saturated 
fatty acids, there can be no substantial enrichment of phospholipids with saturated fatty acids. This 
example extends to most other lipid classes as well. For the saturated fatty acid products ofde novo 
fatty acid synthesis to substantially alter the lipid classes of tissues or bodily fluids, they must first be 
5 desaturated to their monounsaturated fatty acid derivatives. 

The primary desaturase in de novo fatty acid synthesis is the A9 desaturase or stearoyi CoA- 
desaturase. This desaturase is common to both plants and animals, and is unfailingly the first 
desaturase to act on a saturated fatty acid. The A9 desaturation of palmitic acid produces the n7 
family of fatty acids, 16: 1 n7 and 1 8: 1 n7. These latty acids are both rare in the diet and highly 
1 0 indicative ofde novo fatty acid synthesis. 

Monounsaturated fatty acids, and particularly those belonging to the n7 family of fatty acids, 
are typically a more appropriate subset of the metabolome to investigate as reflective ofde novo fatty 
acid synthesis than are saturated fatty acids. Oleic acid (18:1 n9) may be used in a similar fashion to 
1 6: 1 n7, but only when the diet is carefully controlled, because oleic acid is the most common 
unsaturated fatty acid consumed in the diet. In fact, in a highly controlled experimental system, the 
concentration of 1 8: In9 or its elongation products may be equal or superior measurements than 
1 6: In? or 1 8: 1 n7 for assessing de novo fatty acid synthesis. 

Although palmitoleic acid is produced de novo by both plants and animals by the A9 
desaturation of palmitic acid, it is a negligible componem of most animal and vegetable lipids. Fish 
20 oil and pork fat are two noteworthy sources of palmitoleic acid; however, both fats generally contain 
less than 3% of their fatty acids as palmitoleic acid. 

The primary purpose ofde novo fatty acid synthesis is to convert soluble energy in the form 
of carbohydrates and acetyl-CoA to insoluble energy in the form of fats for long-term storage. De 
novo fatty acid synthesis is thus one response to an energy surplus, and is typically accompanied by 
25 weight gain, particularly adipose tissue accumulation. It has recently been reported that the injection 
of a pharmacological inhibitor of fatty acid synthase caused significant weight loss in mice (Loflus et 
al, Science, 288:2379-2381. 2000). Ceasing the injections of fatty acid synthase inhibitor was 
followed by a rapid gain of weight in the same mice. These data indicate that metabolic markers of 
fatty acid synthesis should be excellent markers of the propensity to gain weight. 
30 Several nutritional interventions are known to modulate de novo lipogenesis. Dietary 

polyunsaturated fatty acids have been shown to decrease the expression of hepatic fatty acid synthase 
and A9 desaturase mRNA (Jump e/o/. 7. Lipid Research 35:\Q16-\m, 1994). Alternatively, dietary 
carbohydrates and plasma glucose increase de novo lipogenesis in both liver and adipose. Fasting has 
tissue-specific effects on de novo lipogenesis, with lipogenesis depressed in adipose and increased in 
35 liver (Kemene/^/. 103, 1489-1498, 1999). This is likely because adipose tissue must mobilize fatty 
acids fi-om triacylglycerides to meet the increased energy demands of peripheral tissues in the fasted 
state, while the liver must deal with the increased circulating free fatty acids by repackaging them 
into triacylglycerides for transport to tissues. This repackaging of previously formed free fatty acids 
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is important to distinguish from the de novo synthesis of fatty acids. Although the term iipogenesis 
encompasses both the synthesis of fetty acids and the assembly of those fatty acids into 
triacylglycerides, only the synthesis of fatty acids itself is truly representative of physiological states 
in which there is an energy surplus or a propensity for weight gain. For the purposes of this 
5 application, de novo fatty acid synthesis refers to only the synthesis of fatty acids, and not the 
creation of triacylglycerides. 

Included herein is an example (rosiglitazone-treated mice) in which plasma total 
triacylglycerides decreased, yet de novo fatty acid synthesis in both the liver and in adipose were 
increased. The rosiglitazone-treated mice from this study gained weight relative to their controls, yet 
1 0 had diminished lipid concentrations in their plasma. Despite the decreased plasma lipids, a . 
quantitative metabolomic assessment of the plasma and other tissues revealed that these mice showed 
clear signs ofde novo fatty acid synthesis, as all tissues and plasma contained increased 
concentrations of palmitoleic acid. This example clearly demonstrates that triacylglyceride 
concentrations are not sumcient to assess whether an intervemion will increase fatty acid synthesis or 
cause weight gain, and that only an assessment of palmitoleic acid or other markers ofde novo fatty 
acid synthesis described herein can predict these metabolic and phenotypic outcomes. 

Hormones also modulate de novo Iipogenesis. Insulin increases hepatic de novo Iipogenesis, 
while glucagon and growth hormone decrease Iipogenesis (Kersten, EMBO Reports, 2(4):282-286, 
2001). Growth hormone has been shown to depress insulin sensitivity in adipose tissue, resulting in 
decreased fatty acid synthase expression in adipose (Yin et ai, Biochem. 7. 331, 815-820, 1998). The 
phenotypic effects of this are decreased adipose and increased lean muscle mass. Leptin is best 
known for is repression of food intake, however, it has also been shown to decrease the expression of 
fatty acid synthase and genes involved in triacylglycerides synthesis (Soukas et ai. Genes Dev. 14, 
963-980, 2000). The effect of leptin and other hormones may be mediated by the sterol regulatory 
element binding protein (SREBP-1). The hormone acylation stimulating protein (ASP) acts not at the 
level of fatty acid synthesis, but rather by up-regulating the synthesis of triacylglycerides. Thus. ASP 
action may be discriminated from the action of those hormones that induce both fatty acid synthesis 
and triacylglycerides synthesis by the absence of an increase in de novo synthesized fatty acids within 
the newly formed triacylglycerides. 

Sterol regulatory element-binding proteins (SREBPs) are membrane-bound transcription 
factors that control the expression of genes involved in lipid biosynthesis including fatty acid 
synthase and sterol CoA desaturase (SCD) (Hoiton et a/., J. Clin. Invest. 109:1 125-1 131, 2002). 
There are two genes encoding three SREBP proteins SREBP-la. SREBP-lc and SREBP-2. SREBP- 
Ic preferentially activates fatty acid synthase and SCD, thereby activating fatty acid biosynthesis 
without activating sterol biosynthesis. SREBP.2 preferentially activates the biosynthesis of 
cholesterol without activating fatty acid biosynthesis. Thus, agents that target the expression, 
processing or actions of SREBP proteins can inHuence de novo fatty acid biosynthesis and weight 
gain. The markers described herein serve as effective diagnostic and prognostic markers for the 



20 



wo 2003/028271 



PCT/US2002/030348 



-23- 



aclions of interventions that may influence SREBP-mediated fatty acid biosynthesis and weight gain. 
Likewise, activities and influences of hormones that regulate SREBP actions, such as insulin, 
estrogen, growth factor, for instance, can be assessed by the methods described herein. 

5 Quantitative Metabolomics 

A quantitative assessment of fatty acids allows for the investigation of fatty acid 
concentration in both absolute and relative terms. Only quantitative data will allow for the 
investigation of the molar relationships among all fatty acids, regardless of which lipid class the fatty 
acid is acylated into. Additionally, quantitative data enables the creation of an expandable database 
1 0 of lipid metabolites that can be investigated in silico. Quantitative data is also easily converted into 
relative data (mole percentage, weight percentage, etc.) for investigating fatty acid metabolism within 
an individual lipid class. By converting quantitative data to mole percentage data, for instance, an 
investigator can identify the relative abundance of the fatty acid within the class. This approach can 
make identifying changes in lipid class metabolism easier than investigating the data in quantitative 
1 5 terms. Thus, the assessment ofde novo fatty acid synthesis by measuring fatty acid composition can 
be approached both from quantitative and relational data formats, although it is suggested that the 
data is collected in quantitative terms. 

It is the fatty acids themselves (I6.in7, etc) that indicate the modulation ofde novo fatty 
acid synthesis, not the concentrations of the lipid classes. However, the presence of these fatty acids 
20 in lipid classes can indicate the location of the modulated de novo fatty acid synthesis. In blood, for 
instance, free fatty acids are derived almost exclusively from adipose, while in blood from fasted 
subjects, triacylgiycerides, phospholipids and most cholesterol esters are derived from the liver. 
Thus, as an example, the presence of a marker ofde novo fatty acid synthesis in the free fatty acid 
fraction of plasma indicates increased synthesis in adipose tissue. 
25 An increased concentration (or concentration relative to other major fatty acids) of 

palmitoleic acid ( 1 6: 1 n?) in tissue, blood, serum or plasma cholesterol esters, free fatty acids, 
tt-iacylglycerides, phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine or 
phosphatidylinositol indicates increased de novo fatty acid synthesis. A decreased concentration (or 
concentration relative to other major fatty acids) of palmitoleic acid (16: In?) in tissue, blood, serum 
30 or plasma cholesterol esters, free fatty acids, triacylgiycerides, phosphatidylcholine, 

phosphatidylethanolamine, phosphatidylserine. or phosphatidylinositol indicates decreased de novo 
fatty acid synthesis. 

De novo fatty acid synthesis can be detected by the methods described herein, even when 
total plasma triacylgiycerides or other tissue or plasma lipid classes are decreased in concentration. It 
35 is the individual de novo synthesized lipids that are important, not the total class concentration. 
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Ratios of Markers 

Using methods described herein, it has been found that specific ratios between lipid 
metabolites, or between classes of metabolites, can be closely correlated with specific biological 
conditions or propensities. Representative specific ratios that have been identified include the 
5 following: 

1) The ratio of palmitoleic acid to palmitic acid (16: In?/ 16:0) increases in lipid classes with 
increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain. 

2) The ratio of stearic acid to palmitic acid (1 8:0/16:0) decreases in lipid classes with 
increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain in some systems. 

^0 3) The ratio of total n7 fatty acids to total saturated fatty acids increases in lipid classes with 

increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain. ' 

4) The ratio of total n? fatty acids to total n9 fatty acids increases in lipid classes with 
increases in fatty acid synthesis, and therefore marks lipogenesis and weight gain. 

5) The ratio of 18:1 n9 to 18:0 is positively correlated with weight gain. 

15 

Marker ratios can be calculated for different lipid categories, such as liver triacylglycerides, 
cholesterol esters, free fatty acids, plasma triacylglycerides, cholesterol esters and free fatty acids, 
and adipose triacylglycerides, to determine the propensity for weight gain. 

20 Markers of de novo fatty acid synthesis as markers for phenotype 

As mentioned above, the primary purpose of de novo fatty acid synthesis is to convert 
soluble energy in the form of carbohydrates and acetyl-CoA to insoluble energy in the form of fats 
for long-term storage. Thus, increased de novo fatty acid synthesis itself is a hallmark of energy 
surplus, weight gain and adipose accumulation. Weight gain or lipid synthesis and accumulation are 

25 important phenotypes in a number of clinically relevant situations. A non-limiting list of examples 
includes individual responses to a pharmaceutical intervention, such as birth control pills or insulin 
sensitizing drugs, wherein weight gain is considered a negative phenotype, and the treatment of 
acquired immune deficiency syndrome (AIDS) patients, chemotherapy patients, and the elderly, in 
which weight gain may be considered a positive phenotype. 

30 

VI. Methods of Screening for a Compound 

This disclosure further relates in some embodiments to novel methods for screening 
compounds (such as test compounds) for their ability to treat, detect, analyze, ameliorate, reverse, 
and/or prevent changes in de novo fatty acid synthesis-linked diseases, disorders or conditions, such 
35 as diabetes, weight gain, weight loss (e.g., wasting), obesity, hypo- and hyper-thyroidism, 

menopause, immuno-tolerance, auto-immunity, aging, and/or cardiovascular disease. In particular, 
the present disclosure provides methods for identifying compounds that can be used to treat, detect, 
analyze, ameliorate, reverse, and/or prevent changes in lipid-linked diseases, disorders or conditions, 



wo 2003/028271 



PCT/US2002/030348 



-25- 

such as diabetes, weight gain, weight loss (e.g., wasting), obesity, hypo- and hyper-thyroidism, 
menopause, immuno-tolerance, auto-immunity, aging, and/or cardiovascular disease. The 
compounds of interest can be tested by exposing a cell, system, or subject to the test compounds 
(alone or in combination), then examining the efFect(s) that the compounds have on one or more fatty 
5 acid or lipid metabolites, or metabolite fingerprint. If a compound affects one or more fatty acid or 
lipid metabolites, for instance by increasing or decreasing that metabolite, or by increasing or 
decreasing a set of metabolites (such as a set that is indicative of a pathway fingerprint or other linked 
profile), the compound is then further evaluated for its ability to influence one or more lipid-related 
or lipid-influenced conditions. Specifically, provided herein are lipid metabolites that are linked to de 
10 novo fatty acid synthesis, which include palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, 
oleic acid, all n7 fatty acids, all n9 fatty acids, or a combination of two or more thereof. 

Similarly, the systems described herein for screening for a compound can be used to screen 
for a non-compound influence, such as a dietary change, lifestyle change, nutritional treatment or 
intervention. 

1 5 One provided aspect involves a screening method to identify a compound (or other 

influence) effective for treating, detecting, preventing, reversing, analyzing, or ameliorating diabetes, 
weight gain, weight loss (e.g., wasting), obesity, hypo- and hyper-thyroidism, menopause, immuno- 
tolerance, auto-immunity, aging, and/or cardiovascular disease, which method includes ascertaining 
the compound's effects on one or more lipid metabolites (for instance, on the quantity of such 

20 metabolites, such as palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, all n7 fatty 
acids, all n9 fatty acids, all unsaturated fatty acids, or a combination of two or more thereoO, or a 
ratio of lipid metabolites (for instance, palmitoleic acid to palmitic acid, stearic acid to palmitic acid, 
total n7 fatty acids to total saturated fatty acids, total n7 fatty acids to total n9 fatty acids, or oleic acid 
to stearic acid, or myristoleic to myristate (14:ln5 to 14:0), measured either as free fatty acids or 

55 components of other lipids, in a system (such as a cell, organ, organism, or subject) contacted with 
the compound. In some embodiments, the screening method fiirther includes determining whether 
the compound exhibits toxicity toward a cell in cell culture. 

By screening compounds in this fashion, potentially beneficial and improved compounds or 
other influences for treating, detecting, analyzing, ameliorating, reversing, and/or preventing changes 

►0 in lipid-related or lipid-influenced diseases, disorders, or conditions can be identified more rapidly 
and with greater precision than possible in the past. 



VII. Use of Identified Compounds to Treat, Detect, Analyze, Ameliorate, Reverse, and/or 
Prevent Changes in Lipid-Linked Disease, Disorder or Condition 

35 

With the provision herein of methods for identifying compounds that influence the one or 
more lipid metabolites in a system, and by such alterations of lipid metabolites influence or signal a 
change in a lipid-linked disease, disorder or condition, the benefits of using the identified compound 
to cure, detect, analyze, ameliorate, prevent, or treat diseases, disorders, and conditions that involve 
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(directly or indirectly) lipid metabolism, and more particularly de novo fatty acid synthesis, are now 
made clear. Such diseases, disorders, and conditions include, but are not limited to, diabetes, weight 
gain, weight loss (e.g., wasting), obesity, hypo- and hyper-thyroidism, menopause, immuno- 
tolerance, auto-immunity, aging, and cardiovascular disease. 

The invention is illustrated by the following non-limiting Examples of certain specific 
embodiments. 



EXAMPLES 



10 



Example 1: Palmitoleic Acid as a Marker for Endogenous Fatty Acid Biosynthesis, and 
Accompanying Phenotypes 

This example provides specific methods that have been used to examine tissues taken from 
15 mice treated with either rosiglitazone (trial 1), a thiazolidinedione, or CL3 16,243 (trial 2), a P-3 
adrenergic agonist. It is understood that the described methods can be used to analyze lipid 
metabolites from other subjects, including particularly animals other than mice. 



Methods: • 

20 Samples 

Mouse tissue and plasma samples were a generous donation to Lipomics Technologies, Inc., 
from Dr. Edward Leiter of the Jackson Laboratory (Bar Harbor, ME). Samples included the plasma, 
heart, liver and inguinal adipose of mice treated with pharmaceuticals or their corresponding controls. 

In trial 1, prediabetic male Fl mice (from a cross of the obese NZO and lean NON mouse 
25 strains) were fed a control diet with or without the presence of the PPARs-y agonist rosiglitazone for 
4 weeks (at 0.2 g rosiglitazone per kg body weight). 

In trial 2, male, inbred NON mice were fed a control with or without the presence of the p-3 
adrenergic agonist CL3 1 6,243 for four weeks (at 0.00 1 % CL3 1 6,243 by weight in the dietary chow). 

In both studies, five treated and five control mice were used. Following the treatments and 
30 the killing of the mice, tissues and plasma were taken, chilled to --80 X and shipped to the analysis 
laboratory at Lipomics Technologies in a frozen state. 

Tissue Processing and Extraction 

Tissue processing and lipid extraction, including provision of internal standards, was carried 
35 out essentially as described in Watkins et aL (J. Lipid Res. Papers in Press, 10. 1 1 84/jlf M200169- 
JLF200, published August 16. 2002), and in co-owned international application PCT/US02/2I426, 
entitled "GENERATING, VIEWING, INTERPRETING, AND UTILIZING A QUANTITATIVE 
DATABASE OF METABOLITES," both of which are incorporated in their entirety herein by 
reference. 
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Separation of Lipid and Phospholipid Classes 

The following description provides representative methods for separation of lipid and 
phospholipid classes. One of ordinary skill in the art will understand that modifications can be made 
5 to these methods. 

The separation of lipid classes was performed in some instance by preparative thin-layer 
chromatography (TLC). To remove any residual metal or other damaging contaminants on the TLC 
plates, each plate was washed prior to use. Washing the plates is a three-step process that involves 
impregnating each plate with ethylenediamine tetraacetic acid (EDTA) and rinsing the plates once 
10 with methanol and once with chloroform. Each plate is first impregnated with 1 mM EDTA, pH 5.5, 
by ascending development using the method of Ruiz (y. Lipid Res, 38, 1482-1489, 1997). After each 
plate was completely developed, it was dried in air overnight. Once dry, each plate was developed in 
methanol, dried, and developed in chloroform in the same direction as the development with EDTA. 
The washed plates were then dried in air. Just prior to use, each plate was activated by heating to 1 1 0 
15 °C for 10 minutes. 

To prepare the TLC chamber for chromatography, Whatman (Clifton, NJ) filter paper was 
cut into 20 X 80-cm strips and wrapped around the inside wall of a 30 x 60 x 10-cm glass 
development chamber. One hundred milliliters of the appropriate mobile phase was added to the 
chamber, and the chambers were sealed and allowed to equilibrate. Chambers were considered 
20 equilibrated when the solvent front had completely ascended the filter paper. The mobile phase 
employed for the separation of phospholipid classes (lyso-phospholipids, sphingomyelin, 
phosphatidylcholine, phosphatidylserine, phosphatidylethanolamine and cardiolipin) was a 
modification of the solvent system described by Holub and Skeaf ("Nutritional regulation of cellular 
phosphatidylinositol," in Methods in Enzymology, ed. Conn, P. M. (Academic Press, Inc., Orlando), 
25 pp. 234-243, 1987) consisting of chloroform/methanol/acetic acid/water (100:67:7:4, by volume). 

For the separation of neutral lipid classes (free fatty acids, free sterols, triacylglycerides and 
cholesterol esters), a solvent system consisting of petroleum ether/diethyl ether/acetic acid (80:20:1, 
by volume) was used (Mangold, Thin Layer Chromatography- A Laboratory Handbook (Springer- 
Verlag, New York), 1969). 

30 After the TLC plate was activated, the sample extracts were spotted onto the activated plate. 

As a general rule, samples were spotted at an estimated concentration such that no single lipid class 
was present at more than 25 pg per centimeter of plate width following chromatography. This 
ensured that the plate was not overloaded and minimized the risk of cross-contamination between 
lipid classes (cross-contamination is readily identified during sample analysis as each lipid class 

35 contains unique internal standards). 

Lipid class separations were performed on TLC plates with a 10-cm separation length, while 
PL class separations were performed on TLC plates with a 20-cm separation length. Because lipid 
visualization reagents invariably degrade certain analytes, most notably the polyunsaturated fatty 
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acids, the identification of individual lipid classes was performed by comparison with authentic lipid 
standards chromatographed in reference lanes. Each reference lane was spotted with a mixture of 
authentic lipid standards (obtained from Avanti Polar Lipids, Alabaster, AL), and when the amount of 
sample is not limiting, the sample extract was also spotted onto the reference lanes. Once the TLC 
5 plates were spotted and the tanks were equilibrated, the plates were transferred into the tank 

containing the appropriate mobile phase, and the sample was chromatographed until the mobile phase 
ascended to 1-cm below the top of the plate. 

Once the TLC plate was developed, the reference lipids were visualized by cutting the 
reference lanes from the plate, dipping the reference lanes in 10% cupric sulfate/8% phosphoric acid 
10 and charring the reference lanes at 300 ^'C. The charred reference lanes were used to identify the 

location of lipid classes on the analytical plate. Each sample was scraped from the plate using a clean 
razor blade and the silica scrapings were placed in a 2-mL glass vial for derivitization. Great care 
was taken to develop this process so that it meets the following criteria: 

(1) reference standards co-migrate with sample analytes with great accuracy; 
15 (2) chromatographic separation between the lipid classes is maximized to avoid any 

cross-contamination problems; and 

(3) the portion of the plate containing analytes is not exposed to environmental stresses such 
as air, light or any reagent that would cause the degradation of specific analytes. 

The silica scrapings containing the free sterol fraction were exposed to a fluid extractant 
20 consisting of one milliliter of chloroform: methanol (2: 1 vohvol). The mixture was mixed vigorously 
and allowed to sit for 15 minutes, then 0.3 mL of 0.01 M potassium chloride was added, and the 
solution once again mixed vigorously. The organic fraction containing free sterols was separated 
from the polar fraction of the mixture by centrifugation. The extract including free sterols was 
removed from the mixture and completely dried down under a stream of nitrogen. A 20-^L aliquot of 
25 chloroform was used to transfer the reconstituted free sterols to a conical insert in preparation for free 
sterol separation via capillary gas chromatography. No derivitization was necessary to prepare the 
free sterols for gas chromatographic analysis. 

Derivatization and Chromatography * 
30 Derivatization and chromatographic analysis were carried out essentially as described in 

Watkins e/ (7/. (J. LipidRes, Papers in Press, 10.1 i84/jlf.M200169-JLF200, published August 16, 
2002), and in co-owned international application PCT/US02/21426, entitled "GENERATING, 
VIEWING, INTERPRETING, AND UTILIZING A QUANTITATIVE DATABASE OF 
METABOLITES," both of which are incorporated in their entirety herein by reference. 



Integration and Data Handling 

Following chromatography, each chromatogram was integrated, for instance using Hewlett- 
Packard (Wilmington, DE) ChemStation^"^ software. At the beginning of each batch of samples, a 
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standard mixture was run, containing a known concentration of each of the fatty acids listed in Table 
4. Each fatty acid in its methyl ester form is present in this standard mixture. The quantitative 
standard was used to set a calibration table that automatically corrected the areas associated with each 
fatty acid methyl ester from the samples for injection discrimination and injector non-linearity. 

After chromatogram integration, the chromatogram from each sample was visually checked 
to ensure proper integration, and the data was sent electronically to an Excel 2000 (Microsoft 
Corporation, Redmond, WA) spreadsheet. This spreadsheet contains sample identification 
information, quality control algorithms and algorithms required to convert the raw chromatogram 
data to mass or concentration data. 



Table 4: 



SCIENTIFIC NAME 


SCIENTIFIC ABBR. 


COMMON NAME 


-SATURATED- 



Tetradecanoic Acid 
Pentadecanoic Acid 
Hexadecanoic Acid 
Heptadecanoic Acid 
Octadecanoic Acid 
Eicosanoic Acid 
Docosanoic Acid 
Tetracosanoic Acid 



14:0 MyristicAcid 
15:0 

16:0 Palmitic Acid 

17:0 MargaricAcid 

18:0 Stearic Acid 

20:0 Arachidic Acid 

22:0 Behenic Acid 

24:0 Lignoceric Acid 



D9 DESATURASE FAMILY - 



9-Tetradecenoic Acid 
9-Hexadecenoic Acid 
1 1-Octadecenoic Acid 
9-Octadecenoic Acid 
1 1-Eicosenoic Acid 
5,8,1 l-Eicosatrienoic Acid 
13-Docosenoic Acid 
1 5-Tetracosenoic Acid 



14:ln5 Myristoleic Acid 

1 6: 1 n7 Palmitoleic Acid 

1 8: 1 n7 Vaccenic Acid 

I8:ln9 Oleic Acid 

20: 1 n9 Eicosenoic Acid 

20:3n9 Mead Acid 

22:ln9 ErucicAcid 

24: 1 n9 Nervonic Acid 



OMEGA 3 FAMILY 



9,12,15-Octadecatrienoic Acid 18:3n3 

6,9,12,15-Octadecatetraenoic Acid 18:4n3 

1 1,14,17-Eicosatrienoic Acid 20:3n3 

8, 1 1 , 1 4, 1 7-Eicosictetraenoic Acid 20:4n3 

5,8,1 1,1 4,1 7-Eicosapentaenoic Acid 20:5n3 

7, 1 0, 1 3, 1 6, 1 9-Docosapentaenoic Acid 22:5n3 

4,7, 10,13,16,1 9-Docosahexaenoic Acid 22:6n3 

6,9, 12, 1 5, 1 8,2 1 -Tetracoshexaenoic Acid 24:6n3 



a-Linolenic Acid 

Eicosatrienoic Acid (ETA) 

Eicosapentaenoic Acid (EPA) 
Docosapentaenoic Acid (DPA) 
Docosahexaenoic Acid (DHA) 
Tetracosahexaenoic Acid 



OM EG A 3 FAM I L Y 



9,12,15-Octadecatrienoic Acid 18:3n3 

6,9,12,15-Octadecatetraenoic Acid 18:4n3 

1 1,14,17-Eicosatrienoic Acid 20:3n3 

8,1 1, 14,1 7-Eicosictetraenoic Acid 20:4n3 

5,8,1 1, 14, 1 7-Eicosapentaenoic Acid 20:5n3 

7, 10,13,16, 19-Docosapentaenoic Acid 22:5n3 

4,7,10,13,16,19-Docosahexaenoic Acid 22:6n3 

6,9, 12,15,1 8,2 1 -Tetracoshexaenoic Acid 24:6n3 



a-Linoienic Acid 

Eicosatrienoic Acid (ETA) 

Eicosapentaenoic Acid (EPA) 
Docosapentaenoic Acid (DPA) 
Docosahexaenoic Acid (DHA) 
Tetracosahexaenoic Acid 
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-OMEGA 6 FA MI 


L Y - 


9,12-Octadecadienoic Acid 


I8:2n6 


Linoleic Acid 


6,9,12-Octadecatrienoic Acid 


18:3n6 


g-Linolenic Acid 


1 1,14-Eicosadienoic Acid 


20:2n6 


Eicosadienoic Acid 


8,11,1 4-Eicosatrienoic Acid 


20:3n6 


Homo-g-Linolenic Acid 


5,8,1 1,1 4-Eicosicatetraenoic Acid 


20:4n6 


Arachidonic Acid 


13,1 6-Docsadienoic Acid 


22:2n6 


Docosadienoic Acid 


7,10,1 3, 16-Docosicatetraenoic Acid 


22:4n6 


Docosicatetraenoic Acid 


4,7, 1 0, 1 3, 1 6-Docosapentaenoic Acid 


22:5n6 


Docosapentaenoic Acid 


- UNUSUAL FAMES - 


9-Trans-Hexadecenoic Acid 


tl6:ln7 


Palmitelaidic Acid 


9-Trans-Octadecenoic Acid 


tl8:ln9 


Elaidic Acid 


8-Eicosaenoic Acid 


20:lnl2 




5-Eicosaenoic Acid 


20:lnl5 




Plasmologen fatty acids 
II 


16:0 
18:0 




II 


18:ln7 




II 


I8:ln9 




-STEROLS- 


5b-cholestan-3 b-ol 


C27H48O 


coprostanol 


Sa-cholestan-3b-ol 


C27H48O 


dihydrocholesterol 


5-choIesten-3b-o! 


C27H46O 


cholesterol 


5,24-cholestadien-3b-ol 


C27H44O 


desmosterol 


5-cholestan-25a-methyl-3b-ol 


C28H42O 


campesterol 


5-cholestan-24b-methyl-3b-ol 


C28H42O 


dihydrobrassicasterol 


5-choIesten-24b-ethyl-3b-ol 


C29H50O 


b-sitosterol 


5,22-cholestadien-24b-ethyl-3b-ol 


C29H48O 


stigmasterol 



Methods of integration, data processing, and data analysis used were essentially as described 
previously, for instance in co-owned international application PCT/US02/2 1426, entitled 
"GENERATING, VIEWING, INTERPRETING. AND UTILIZING A QUANTITATIVE 
5 DATABASE OF METABOLITES," which is incorporated in its entirety herein by reference. 

Mean, standard deviation and Student's t-test statistics were calculated for each test group. 
These calculations were used to compare the effects of treatment on lipid metabolite concentrations. 

yisualization 

10 The results of the experiment were displayed in both table form (see, e.g.. Tables 5-8) and 

with computer-based visual output systems. Representative example computer based visual output 
systems are described in co-owned provisional patent application 60/303,704, entitled "PROVISION 
OF A COMPREHENSIVE PANEL OF LIPID METABOLITES," which us incorporated in its 
entirety herein by reference. 
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Results: 

Tables 5 and 6 show the concentrations of lipid metabolites present in adipose, plasma, 
heart, and liver tissues in mice treated with rosiglitazone and their controls. Tables 7 and 8 show the 
5 concentrations of lipid metabolites present in adipose, plasma, heart and liver tissues in mice treated 
with CL3 16,243 and their controls. In Tables 5 and 7, the data are expressed as nanomoles per gram 
of tissue or plasma. In tables 6 and 8, the data are expressed as a percentage of total fatty acids 
within each lipid class. Figures 2 and 3 show the body (FIGS 2a and 3a) and adipose tissue (FIGS 2b 
and 3b) weight gain associated with rosiglitazone and CL3 16,243 treatments, respectively. 

10 It is clear that the rosiglitazone induced a substantial increase in palmitoleic acid 

concentrations in most lipid classes in heart, liver, adipose, and plasma (Table 5). Additionally, the 
vaccenic and myristic acid concentrations in these lipid classes were typically increased. 
Corresponding to the increased palmitoleic acid, and thus increased de novo fatty acid synthesis, was 
a significant increase in total body (FIG 2a) and adipose tissue (FIG 2b) weight with rosiglitazone 

15 treatment. Importantly, even though total cholesterol esters and phosphatidylcholine were decreased 
from the plasma of rosiglitazone-treated mice, the concentration of palmitoleic acid in cholesterol 
ester and phosphatidylcholine increased both quantitatively (Table 5) and in relational terms (Table 
6). This indicates that plasma palmitoleic acid is a useful marker of tissue de novo fatty acid 
synthesis independent of triacylglyceride synthesis. Additionally, the concentration of palmitoleic 

20 acid in plasma free fatty acids was reflective of an increased concentration of palmitoleic acid within 
adipose triacylglycerides. The concentration of plasma palmitoleic acid within cholesterol esters, 
triacylglycerides and phospholipids therefore serves as a plasma diagnostic for hepatic de novo fatty 
acid synthesis and overall weight gain. The concentration of plasma palmitoleic acid within free fatty 
acids therefore serves as a plasma diagnostic for adipose de novo fatty acid synthesis, adipose mass 

25 accumulation, and weight gain. Additionally, plasma and tissue palmitoleic acid concentrations may 
be used as a marker or as part of a profile of markers identifying the actions or activity of PPARy 
agonists including thiazolidinediones. In each of these applications, vaccenic acid (18:ln7), oleic 
acid (18:ln9), palmitic acid (16:0) and myristic acid (14:0) also proved to be valuable, but slightly 
less consistent markers. 

30 The mole percentage data supports these findings, as the palmitoleic, vaccenic, palmitic, 

myristic and oleic acids were increased with rosiglitazone treatment relative to other fatty acids in 
each lipid class in heart, liver and plasma (Table 6). This indicates an increased contribution of these 
fatty acids to the global lipid metabolite pool. Thus, the mole percentage data was capable of 
determining the increased de novo fatty acid synthesis and predicting weight gain in 

35 rosiglitazone-treated mice. 

Data supporting the application of these markers to humans comes from clinical studies that 
find that patients taking rosiglitazone gain weight (Fuchtenbebusch et aL, Exp. Clin. Endocrinol. 
Diabetes 108:151-163.2000). 
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Treatment of mice with CL3 16,243 induced a substantial decrease in palmitoleic acid 
concentrations in most lipid classes in heart, liver, adipose and plasma (Table 7 and Table 8). 
Additionally, the vaccenic acid concentrations in these lipid classes were typically decreased. 
Corresponding to the decreased palmitoleic acid, and thus decreased de novo fatty acid synthesis was 

5 a significant decrease in mouse body (FIG 3a) and adipose (FIG 3b) tissue weight with CL3 16,243 
treatment. In mice treated with CL3 16,243, the decreased lipid concentrations in plasma were 
partially the result of decreased lipid synthesis in tissues, which can be observed in Table 7. This 
indicates again that plasma palmitoleic acid is a useful marker of tissue de novo fatty acid synthesis. 
The concentration of plasma palmitoleic acid within cholesterol esters, triacylglycerides, and 

10 phospholipids therefore serves as a plasma diagnostic for hepatic de novo fatty acid synthesis and 
overall weight gain. The concentration of plasma palmitoleic acid within free fatty acids therefore 
serves as a plasma diagnostic for adipose de novo fatty acid synthesis, adipose mass accumulation, 
and weight gain. Additionally, plasma and tissue palmitoleic acid concentrations may be used as a 
marker or as part of a profile of markers identifying the actions or activity of pS-adrenergic agonists 

15 including CL3 16,243. 

Example 2: Identification of Therapeutic Compounds 

The linkage of specific lipid metabolites to de novo fatty acid synthesis and related 
conditions as disclosed herein can be used to identify compounds that are useful in treating, reducing, 

20 or preventing such conditions, including for instance diabetes, weight gain, weight loss (e.g., 

wasting), obesity, hypo- and hyper-thyroidism, menopause, immuno-tolerance, auto-immunity, aging, 
and/or cardiovascular disease. These marker molecules can be used alone or in combination, for 
instance in sets of two or more that are linked to a particular condition, for instance in a condition- 
related profile or fingerprint. Specific provided marker molecules include the following lipid 

25 metabolites, assessed either as free fatty acids or as components of a lipid class (as discussed 

throughout): palmitoleic acid (16:ln7), vaccenic acid (i8:ln7), palmitic acid (16:0), stearic acid 
(18:0), oleic acid (18:ln9), all n7 fatty acids, all n9 fatty acids, all saturated fatty acids, or a 
combination of two or more thereof, and including ratios between specific molecules or molecule 
categories as provided herein (such as palmitoleic to palmitic, n7 to saturated, n7 to n9, and oleic to 

30 stearic). In particular examples, these lipid metabolites are measured from liver, plasma, adipose, 

heart, or other biological samples, and are specifically measured in one or more of the following lipid 
classes: triacylglycerides, free fatty acids, cholesterol esters, or diacylglycerides. 

By way of example, a test compound is applied to a cell, for instance a test cell, and at least 
one de novo fatty acid synthesis marker level in the cell is measured and compared to the equivalent 

35 measurement from a test cell (or from the same cell prior to application of the test compound). If 
application of the compound alters the level of marker molecule (for instance by increasing or 
decreasing that level), or changes an entire de novo fatty acid synthesis profile to be more like a 
profile that is indicative of a condition, then that compound is selected as a likely candidate for 
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ftirther characterization. In particular examples, a test agent that opposes or inhibits a de novo fatty 
acid synthesis-related change is selected for further study, for example by exposing the agent to a cell 
in vitroy or to an animal such as an animal model, to determine whether de novo fatty acid synthesis is 
inhibited, and/or whether weight gain is prevented or reversed. Such identified compounds may be • 
5 useful in treating, reducing, or preventing weight gain or development or progression of obesity or 
another related, weight-gain attendant condition. 

Methods for identifying such compounds optionally can include the generation of a de novo 
fany acid synthesis-related lipid metabolomic profile, as described herein. Example control profiles 
useful for comparison in such methods may be constructed from normal biological samples such as 
10 those taken from a cell not contacted with the test agent, or an animal not subjected to the condition 
or intervention being tested. 

Example 3: Profiles (Fingerprints) 

With the provision herein of specific molecules the levels of which, or proportional levels of 

15 which, are linked to de novo fatty acid synthesis, profiles that provide information on the de novo 
fatty acid synthesis-state of a subject are now enabled. 

De novo fatty acid synthesis-related profiles comprise the distinct and identifiable pattern of 
(or level) of sets of lipid metabolites, for instance a pattern of high and low levels of a defined set of 
fatty acids and/or fatty acids in particular lipid classes. The set of molecules in a particular profile 

20 will usually include at least one of the following: palmitoleic acid, vaccenic acid, palmitic acid, 
stearic acid, oleic acid, all n7 fatty acids, all n9 fatty acids, or all saturated fatty acids. Particular 
profiles include ratios between specific metabolites or metabolite categories as provided herein (such 
as palmitoleic to palmitic, n7 to saturated, n7 to n9, and oleic to stearic). In particular examples, the 
lipid metabolites included in a profile are measured from liver, plasma, adipose, heart, or other 

25 biological samples, and are specifically measured in one or more of the following lipid classes: 
triacylglycerides, free fatty acids, cholesterol esters, or diacylglycerides. 

Specific profiles may be for a particular disease {e.g., diabetes, obesity, cardiovascular 
disease, and so forth), a specific condition (e.g., menopause), treatment regimen {e.g., treatment with 
a known drug or agent, toxin exposure, and so forth), growth or disease progression (e.g., increase in 

30 weight, decrease in weight, wasting, etc), or other categories. Thus, representative profiles that are 
linked to de novo fatty acid synthesis can be established for a biological sample taken from a lean 
individual (/.e, normal as regards weight), and a biological taken from an overweight or obese 
individual, or paired subjects one of which is taking a certain drug or other therapeutic intervention, 
and so forth. Each of these profiles includes information on the level of at least one, but usually two 

35 or more, lipid metabolites that are linked to de novo fatty acid synthesis (e.g., positively, such that the 
lipid metabolite level is high in those samples where de novo fatty acid synthesis is high, or 
negatively, such that the lipid metabolite level is low in those samples where the de novo fatty acid 
synthesis is high). Information provided in a profile can include relative as well as absolute levels of 
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specific metabolites. Results from the de novo fatty acid synthesis profiles of an individual are often 
viewed in the context of a test sample compared to a baseline or control sample profile, or in 
comparison to a database of profiles from other individuals of the same or different species. 

The levels of lipid metabolites that make up a profile can be measured in any of various 

5 known ways, which may be specific for the type of molecule being measured, including specific 
methods provided herein. Many ways to collect quantitative or relational data on lipid metabolites 
are known to those of ordinary skill in the art, and the analytical methodology does not affect the 
utility of metabolite concentrations in predicting phenotype or assessing metabolism. One method 
described herein for generating quantitative and mole percentage data on fatty acids in lipid classes 

10 involves gas chromatography coupled with flame ionization detection. Other methods for generating 
data on lipid metabolites include but are not limited to high-performance liquid chromatography, 
mass spectrometry, capillary electrophoresis, thin layer chromatography, immunoassay, RNA 
switches, nuclear magnetic resonance, etc. 

Optionally, a subject's de novo fatty acid synthesis profile can be correlated with one or 

15 more appropriate treatments, which may be correlated with a control (or set of control) profile(s) for a 
disease or condition linked to or associated with de novo fatty acid synthesis, for instance. 



20 



It will be apparent that the precise details of the methods described may be varied or 
modified without departing from the spirit of the described invention. We claim all such 
modifications and variations that fall within the scope and spirit of the claims below. 
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We claim: 

1 . A method of assessing de novo fatty acid synthesis in a cell, an organism or a tissue 
5 of an organism, comprising quantifying a marker of de novo fatty acid synthesis in a biological 

sample from the organism, wherein the marker of de novo fatty acid synthesis comprises palmitoleic 
acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, n7 fatty acids, n9 fatty acids, 
all saturated fatty acids, or a combination of any two or more of these. 

2. The method of claim 1, wherein the method is a method of assessing de novo fatty 
10 acid synthesis in a cell, and the cell is a cultured cell. 

3. The method of claim I, wherein the method is a method of assessing de novo fatty 
acid synthesis in an organism. 

4. The method of claim 1, wherein the method is a method of assessing de novo fatty 
acid synthesis in a tissue of an organism. 

15 5. The method of claim 3, wherein the organism is a research animal, a companion 

animal, or a human. 

6. The method of claim 1, wherein the biological sample is a blood product. 

7. The method of claim 4, wherein the method is a method of assessing de novo fatty 
acid synthesis in adipose tissue, liver tissue or muscle tissue. 

20 8. The method of claim 1 wherein the marker of de novo fatty acid synthesis is 

quantified from the free fatty acid fraction of a blood product and the method is a method to assess de 
novo fatty acid synthesis in adipose tissue. 

9. The method of claim I wherein the marker of de novo fatty acid synthesis is 
quantified from the phosphatidylcholine, triacylglyceride, or cholesterol ester fraction of a blood 

25 product, and the method is a method to assess de novo fatty acid synthesis in liver tissue. 

10. The method of claim I , wherein the method is a method to determine if a 
pharmaceutical, nutritional, genetic, toxicological or environmental treatment, regimen or dosage 
influences de novo fatty acid synthesis. 

1 1 . The method of claim 1, wherein the method is a method to assess a therapeutic or 
30 pharmaceutical agent for its potential effectiveness, efficacy or side effects relating to de novo fatty 

acid synthesis. 

12. The method of claim 1, wherein the method is a method to screen individuals for 
compatibility or incompatibility with a pharmaceutical, nutritional, toxicological or environmental 
treatment. 

35 13. The method of claim I , wherein the method is a method to assess the rate or 

amount ofde novo fatty acid synthesis as a component of a metabolic status of a research animal. 

14. The method of claim 13, wherein the metabolic status of the research animal is a 
normal or baseline metabolic state. 
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1 5. The method of claim 1 , further comprising comparing the assessment of de novo 
fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 
organism or compiled for a population of organisms. 

1 6. The method of claim 1 5, further comprising scoring the organism based on the 
5 comparison. 

17. The method of claim 1 5, wherein the comparison is a comparison between the 
quantity of the marker of de novo fatty acid synthesis. 

1 8. The method of claim 1 , wherein the method is a method of assessing a change in 
the de novo fatty acid synthesis in the organism, and wherein the method comprises taking at least 

10 two biological samples from the organism, wherein the two samples are taken before and after an 
event. 

19. The method of claim 18, wherein the event comprises passage of time, treatment 
with a therapeutic agent, treatment with a pharmaceutical agent, treatment with a nutritional regimen, 
treatment with a genetic modification, exposure to a toxic or potentially toxic compound, exposure to 

15 an environmental condition, treatment with a laboratory procedure, exercise, or the appearance of a 
phenotypic state. 

20. The method of claim 1 , wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for weight gain or loss of the 
organism, and the method is a method for determining the propensity, risk, or metabolic basis for 

20 weight gain or loss of the organism. 

2 1 . The method of claim 20, further comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker of de 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

22. The method of claim 20, further comprising correlating the quantity of the marker 
25 ofde novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker ofde 

novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

23. The method of claim 20, which is a method of determining whether a treatment or 
intervention will cause weight gain or loss, fiirther comprising taking at least two biological samples 

30 from the organism, wherein the two samples are taken before and after a nutritional, pharmacological, 
genetic, environmental or toxicological treatment or intervention, and wherein a change in the 
quantity of the marker of de novo fatty acid synthesis is correlated with a likelihood of weight gain or 
loss. 

24. The method of claim 20, further comprising comparing the assessment ofde novo 
35 fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 

organism or compiled for a population of organisms. 

25. The method of claim 24, wherein the comparison comprises a statistical or 
computer-mediated analysis. 
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26. The method of claim 24, further comprising predicting a propensity of the organism 
for weight gain based on the comparison. 

27. The method of claim 20, wherein the quantity of the marker ofde novo fatty acid 
synthesis is reported as an absolute or relative concentration. 

5 28. The method of claim 27, wherein correlating the quantity of the marker of de novo 

fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 
fatty acid synthesis. 

29. The method claim 1, comprising quantifying palmitoleic acid in a biological sample 
10 from the organism. 

30. The method of claim 29, wherein the biological sample is a blood product. 

3 1 . The method of claim 30, wherein the palmitoleic is quantified from the free fatty 
acid fraction of a blood product and the method is a method to assess de novo fatty acid synthesis in 
adipose tissue. 

1 5 32. The method claim 1 , comprising quantifying palmitoleic acid and palmitic acid jn a 

biological sample from the organism. 

33. The method of claim 32, further comprising generating a ratio indicator ofde novo 
fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of palmitoleic acid to the 
quantity of palmitic acid. 

20 34. The method claim 1, comprising quantifying stearic acid and palmitic acid in a 

biological sample from the organism. 

35. The method of claim 34, further comprising generating a ratio indicator ofde novo 
fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of stearic acid to the 
quantity of palmitic acid. 

25 36. The method claim I , comprising quantifying total n7 fatty acids and total saturated 

fatty acids in a biological sample from the organism. 

37. The method of claim 36, further comprising generating a ratio indicator ofde novo 

fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of total n7 fatty acids to the 

quantity of total saturated fatty acids. 
30 38. The method claim 1, comprising quantifying total n7 fatty acids and total n9 fatty 

acids in a biological sample from the organism. 

39. The method of claim 38, further comprising generating a ratio indicator of ^fe novo 

fatty acid synthesis, wherein the ratio indicator is the ratio of the quantity of total n7 fatty acids to the 

quantity of total n9 fatty acids. 
35 40. An in silico method for assessing a condition related to de novo fatty acid synthesis, 

comprising assessing data in a database, wherein die data in the database includes a quantity of at 

least one marker ofde novo fatty acid synthesis from a biological sample from a plurality of 

individuals, and correlating the quantity of the at least one marker of de novo fatty acid synthesis 
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from the biological sample with de novo fatty acid synthesis, wherein the marker of de novo fatty acid 
synthesis is palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, or a 
combination of any two or more thereof 

4 1 . The method of claim 40, wherein assessing data in the database comprises mining, 
5 parsing, selecting, identifying, sorting, or fihering the data. 

42. The method of claim 40, wherein the method is a method of assessing weight gain 
or growth or the potential for weight gain or growth, further comprising correlating the de novo fatty 
acid synthesis with weight gain or growth or the potential for weight gain or growth. 

43. The method of claim 40, wherein the quantity of the marker of de novo fatty acid 
10 synthesis is reported as an absolute or relative concentration. 

44. The method of claim 43, wherein correlating the quantity of the marker of de novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker of de novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount of de novo 
fatty acid synthesis. 

15 45. The method of claim 43, wherein correlating the quantity of the marker of de novo 

fatty acid synthesis comprises using the absolute or relative concentration of the marker of de novo 
fatty acid synthesis in a mathematical or statistical equation for determining a propensity for a i\]ture 
body weight, a cause of current body weight, or a change in body weight. 

46. The method of claim 43, wherein correlating the quantity of the marker of de novo 
20 fatty acid synthesis comprises using the absolute or relative concentration of the marker of de novo 

fatty acid synthesis in a mathematical or statistical equation for determining a propensity for a change 
in body composition, a propensity for a change in total body fat, a change in body composition, or a 
change in total body fat. 

47. The method of claim 43, wherein correlating the quantity of the marker of de novo 
25 fatty acid synthesis comprises using the absolute or relative concentration of the marker of de novo 

fatty acid synthesis in a mathematical or statistical equation for determining a propensity for growth 
or a cause of growth. 

48. The method of claim 40, wherein assessing data in the database comprises 
assessing a concentration or relative concentration of a lipid metabolite other than palmitoleic acid, 

30 vaccenic acid, palmitic acid, stearic acid, oleic acid or myristic acid. 

49. The method of claim 40, wherein assessing data in the database comprises using 
palmitoleic acid, vaccenic acid, palmitic acid, stearic acid, oleic acid, myristic acid, or a combination 
of two or more thereof as part of a clustering algorithm, discrimination algorithm, difference test, 
correlation, regression algorithm or other statistical modeling algorithm. 

35 50. A method for determining a propensity, risk, or metabolic basis for growth or 

wasting of a subject, comprising quantifying a marker of de novo fatty acid synthesis in a biological 
sample of the subject, wherein the marker of de novo fatty acid synthesis is palmitoleic acid, vaccenic 
acid, palmitic acid, stearic acid, oleic acid or myristic acid, or a combination of two or more thereof. 
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51. The method of claim 50, fijrther comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

52. The method of claim 50, further comprising correlating the quantity of the marker 

5 ofde novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker ofde 
novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

53. The method of claim 50, which is a method of determining whether a treatment will 
cause growth or wasting, further comprising taking at least two biological samples from the 

10 organism, wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
marker ofde novo fatty acid synthesis is correlated with a likelihood of growth or wasting. 

54. The method of claim 50, further comprising comparing the assessment ofde novo 
fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 

1 5 organism or compiled for a population of organisms. 

55. The method of claim 54, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

56. The method of claim 54, further comprising predicting a propensity of the organism 
for growth or wasting based on the comparison. 

20 57. The method of claim 50, wherein the quantity of the marker ofde novo fatty acid 

synthesis is reported as an absolute or relative concentration. 

58. The method of claim 57, wherein correlating the quantity of the marker of de novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 

25 fatty acid synthesis. 

59. A method of determining whether or to what extent a condition influences de novo 
fatty acid synthesis, comprising: 

subjecting a subject to the condition; 
taking a biological sample from the subject; 
30 analyzing the biological sample to produce a test lipomic profile for the subject, which 

profile comprises a total quantity of at least one marker for de novo fatty acid biosynthesis; 

comparing the test lipomic profile for the subject with a control lipomic profile, which 
profile comprises a total quantity of the at least one marker for de novo fatty acid biosynthesis; and 
drawing conclusions about whether or to what extent the condition influences de novo fatty 
35 acid synthesis based on differences or similarities between the test lipomic profile and the control 
lipomic profile, 

wherein markers for rfe novo fatty acid synthesis include palmitoleic acid, vaccenic acid, palmitic 
acid, stearic acid, oleic acid, myristic acid, and combinations of two or more thereof 
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60. The method of claim 59, wherein the condition is a genotype. 

61 . The method of claim 60, wherein the genotype comprises a genetic knockout. 

62. The method of claim 59, wherein the condition comprises a dietary limitation or 
supplementation. 

5 63. The method of claim 59, wherein the condition comprises a disease or disease state. 

64. The method of claim 59, wherein the condition comprises application of a toxin or 
suspected toxin. 

65. The method of claim 59, wherein the condition comprises application of a 
pharmaceutical or therapeutic agent or candidate agent. 

66. The method of claim 59, wherein the condition comprises an increase in exercise, a 
decrease in exercise, or a change in an exercise regimen of the subject. 

67. The method of claim 59, wherein the control lipomic profile is a compiled lipomic 
profile assembled from a plurality of individual lipomic profiles. 

68. The method of claim 59, wherein the control lipomic profile is a pre-condition 
15 lipomic profile from the subject. 

69. A method of determining drug or treatment effectiveness or side effects, 
comprising 

applying a drug or treatment to a subject or a cell from the subject; 

taking a biological sample from the subject or the cell from the subject; 
2^ analyzing the biological sample to produce a test lipomic profile for the subject, which 

profile comprises a total quantity of at least one marker for de novo fatty acid synthesis; 

comparing the test lipomic profile for the subject with a control lipomic profile, which 
profile comprises a total quantity of the at least one marker for de novo fatty acid synthesis; and 

drawing conclusions about the effectiveness or side effects of the drug or treatment based on 
25 differences or similarities between the test lipomic profile and the control lipomic profile, 

wherein markers for de novo fatty acid synthesis include palmitoleic acid, vaccenic acid, palmitic 
acid, stearic acid, oleic acid, myristic acid, and combinations of two or more thereof. 

70. The method of claim 69, wherein the drug or treatment is a hormone or hormone 
treatment. 

^ ^ • '^^^ method of claim 69, wherein the drug or treatment relates to controlling 
obesity or diabetes. 

72. The method of claim 69, wherein the drug or treatment relates to controlling 
cardiovascular disease. 

73. The method of claim 69, wherein the drug or treatment relates to modifying lipid 
35 metabolism. 

74. The method of claim 69, wherein the treatment is a nutritional intervention. 

75. The method of claim 69, wherein the treatment is an exercise program. 
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76. The method of claim 69, wherein the control lipomic profile is a pre-condition 
lipomic profile from the subject. 

77. A method of determining whether or to what extent a condition influences de novo 
fatty acid synthesis, comprising 

5 subjecting a subject to the condition; 

taking a biological sample from the subject; 

analyzing the biological sample to produce a test lipomic profile for the subject, which 
profile comprises a total quantity of palmitoleic acid; 

comparing the test lipomic profile for the subject with a control lipomic profile, which 
1 0 profile comprises a total quantity of palmitoleic acid; and 

drawing conclusions about whether or to what extent the condition influences de novo fatty 
acid synthesis based on differences or similarities between the test lipomic profile and the control 
lipomic profile. 

78. A method of determining drug or treatment effectiveness or side effects, 
15 comprising: 

applying a drug or treatment to a subject; 
taking a biological sample from the subject; 

analyzing the biological sample to produce a test lipomic profile for the subject, which 
profile comprises a total quantity of palmitoleic acid; 
20 comparing the test lipomic profile for the subject with a control lipomic profile, which 

profile comprises a total quantity of palmitoleic acid; and 

drawing conclusions about the effectiveness or side effects of the drug or treatment based on 
differences or similarities between the test lipomic profile and the control lipomic profile. 

79. The method of claim 1 , wherein the quantity of the marker of de novo fatty acid 
25 synthesis is correlated to a propensity, risk, or metabolic basis for diabetes of the organism, and the 

method is a method for determining the propensity, risk, or metabolic basis for diabetes of the 
organism. 

80. The method of claim 79, further comprising correlating the quantity of the marker 
of de novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker of de 

30 novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

81 . The method of claim 79, further comprising correlating the quantity of the marker 
of de novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker of de 
novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

35 82. The method of claim 79, which is a method of determining whether a treatment will 

influence diabetes, further comprising taking at least two biological samples from the organism, 
wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
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marker ofde novo fatty acid synthesis is correlated with a likelihood of a change in diabetic state of 
the organism. 

83. The method of claim 79, further comprising comparing the assessment of de novo 
fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 

5 organism or compiled for a population of organisms. 

84. The method of claim 83, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

85. The method of claim 83, further comprising predicting a propensity of the organism 
for diabetes based on the comparison. 

1 0 86. The method of claim 79, wherein the quantity of the marker of de novo fatty acid 

synthesis is reported as an absolute or relative concentration. 

87. The method of claim 86, wherein correlating the quantity of the marker of de novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker of de novo 
fatty acid synthesis in a mathematical or statistical equation for determining the amount of de novo 

1 5 fatty acid synthesis. 

88. The method of claim I , wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for obesity of the organism, and the 
method is a method for determining the propensity, risk, or metabolic basis for obesity of the 
organism. 

20 89. The method of claim 88, further comprising correlating the quantity of the marker 

of de novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

90. The method of claim 88, further comprising correlating the quantity of the marker 
of de novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker of de 

25 novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

91. The method of claim 88, which is a method of determining whether a treatment will 
cause obesity, further comprising taking at least two biological samples from the organism, wherein 
the two samples are taken before and after a nutritional, pharmacological, genetic, environmental or 

30 toxicological intervention treatment, and wherein a change in the quantity of the marker ofde novo 
fatty acid synthesis is correlated with a likelihood of obesity. 

92. The method of claim 88, further comprising comparing the assessment of de novo 
fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 
organism or compiled for a population of organisms. 

35 93. The method of claim 92, wherein the comparison comprises a statistical or 

computer-mediated analysis. 

94. The method of claim 92, further comprising predicting a propensity of the organism 
for obesity based on the comparison. 



wo 2003/028271 



PCT/US2002/030348 



-57- 

95. The method of claim 88, wherein the quantity of the marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration. 

96. The method of claim 95, wherein correlating the quantity of the marker of de novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker of de novo 

5 fatty acid synthesis in a mathematical or statistical equation for determining the amount of de novo 
fatty acid synthesis. 

97. The method of claim 1 , wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for cardiovascular disease of the 
organism, and the method is a method for determining the propensity, risk, or metabolic basis for 

10 cardiovascular disease of the organism. 

98. The method of claim 97, further comprising correlating the quantity of the marker 
of de novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker of de 
novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

99. The method of claim 97, further comprising correlating the quantity of the marker 
15 ofde novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker of de 

novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride, or cholesterol 
ester fraction of a blood product. 

100. The method of claim 97, which is a method of determining whether a treatment will 
influence cardiovascular disease, further comprising taking at least two biological samples from the 

20 organism, wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
marker of de novo fatty acid synthesis is correlated with a likelihood of influencing cardiovascular 
disease. 

101 . The method of claim 97, further comprising comparing the assessment of de novo 
25 fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 

organism or compiled for a population of organisms. 

102. The method of claim 101, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

103. The method of claim 101, further comprising predicting a propensity of the 
30 organism for cardiovascular disease based on the comparison. 

104. The method of claim 97, wherein the quantity of the marker of de novo fatty acid 
synthesis is reported as an absolute or relative concentration. 

1 05. The method of claim 104, wherein correlating the quantity of the marker of de novo 
fatty acid synthesis comprises using the absolute or relative concentration of the marker of de novo 

35 fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 
fatty acid synthesis, 

1 06. The method of claim 1 , wherein the quantity of the marker of de novo fatty acid 
synthesis is correlated to a propensity, risk, or metabolic basis for hormonal dysregulation of the 
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organism, and the method is a method for determining the propensity, risk, or metabolic basis for 
hormonal dysregulation of the organism. 

107. The method of claim 106, further comprising correlating the quantity of the marker 
of fife novo fatty acid synthesis with de novo fatty acid synthesis in adipose, wherein the marker ofde 

5 novo fatty acid synthesis is quantified from the free fatty acid fraction of a blood product. 

108. The method of claim 106, further comprising correlating the quantity of the marker 
ofde novo fatty acid synthesis with de novo fatty acid synthesis in the liver, wherein the marker ofde 
novo fatty acid synthesis is quantified from the phosphatidylcholine, triacylglyceride. or cholesterol 
ester fraction of a blood product. 

10 109. The method of claim 106, which is a method of determining whether a treatment 

will cause hormonal dysregulation, further comprising taking at least two biological samples from the 
organism, wherein the two samples are taken before and after a nutritional, pharmacological, genetic, 
environmental or toxicological intervention treatment, and wherein a change in the quantity of the 
marker of cfe novo fatty acid synthesis is correlated with a likelihood of hormonal dysregulation. 

15 110. The method of claim 106, further comprising comparing the assessment ofde novo 

fatty acid synthesis from the organism to an assessment of de novo fatty acid synthesis from another 
organism or compiled for a population of organisms. 

111. The method of claim 1 10, wherein the comparison comprises a statistical or 
computer-mediated analysis. 

20 112. The method of claim 1 10, further comprising predicting a propensity of the 

organism for weight gain based on the comparison. 

113. The method of claim 106, wherein the quantity of the marker ofde novo fatty acid 
synthesis is reported as an absolute or relative concentration. 

1 14. The method of claim 1 13, wherein correlating the quantity of the marker ofde novo 
25 fatty acid synthesis comprises using the absolute or relative concentration of the marker ofde novo 

fatty acid synthesis in a mathematical or statistical equation for determining the amount ofde novo 
fatty acid synthesis. 

1 1 5. The method of claim 1 , wherein the biological sample is a liver sample, a plasma 
sample, an adipose sample, or a heart sample. 

30 116. The method of claim 1 , wherein the marker of de novo fatty acid synthesis is 

measured in a specific lipid category. 

1 17. The method of claim 1 16, wherein the lipid category is triacyiglycerides, 
cholesterol esters, or free fatty acids. 

1 18. The method of claim 1, wherein the method is a method of assessing an activity of 
35 at least one enzyme involved in de novo fatty acid, further comprising correlating the quantity of the 

marker with the activity of the at least one enzyme. 

1 19. The method of any one of claims 1 through 1 1 8, further comprising generating a 
printed report. 
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